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PREFACE 


The Mineral Resources Committee of the Imperial Listitute 
iia6 arranged to issue this series of monographs on Mineral 
Resources in amplification and extension of those which 
have appeared in the Bnllefin of the Imperial Institute during 
the past fifteen years. 

The monographs are prepared (‘it her by members of the 
Scientific and Technical Staff of the Imperial Institute; or by 
external contributors, to whom have been available the 
statistics and other special information relating to mineral 
resources collected and arranged at the Imperial Institute. 

The object of these monographs is to gi ve a general account 
of the occurrences and commercial utilisation of the more 
important minerals, particularly in the British Empire. No 
attempt has been made to give details of mining or metal- 
lurgical processes. 

Harcourt, 
Chairman Mineral 
Rcmirces Committee, 

July 1919. 
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TIN ORES 


CHAPTER 1 

TIN ORES: THEIR OCCURRENCE, CHARACTERS. AND 
USES 

The British Empire is well supplied with workable deposits 
of ^in ore, the total British output being between 50 and 
60 per cent, of the world’s supply. In early times and up 
to the eighteenth century Cornwall furnislied the greater part 
of the world's output. About 1870 the rich alluvial deposits • 
of the Malay Peninsula began to be worked on a large scale, 
followed in 1872 by tlie Australian deposits. The tin-mining 
areas of South Africa and Nigeria are of more recent develop- 
ment. India, too, produces a small amount. The chief 
foreign sources are Bolivia, the Dutch East Indies, Siam and 
China. 

The chief centres of the smelting and refining of tin are in 
the Straits Settlements and the United Kingdom. Other 
important centres are tliose of the Dutcli Indies, Germany, 
China and Australia. Before the war, smelting was carried 
on in Germany, but the industry has practically ceased 
there, and another result of the war is the establishment of 
a tin*smelting industry in the United States. 

The greatest consumer of tin is the United States, which 
'buys 40 per cent, or more of the world’s output. This large, 
"consumption is to be attributed partly to the use of tin-plate 
in the preserved food, oil, and other industries, but stiU 
iriore to the employment of various tin-bearing alloys. Other’ 
^|;^umcirs, taken in the order of their importance in pre*war 
are the United Kingdom, Gennany, France, Australia, 
^;^^tria-Hungary, Russia, Italy and Belgium. 

§,The war had at first less effect on the supply of tin thati 
jbh of many other metals. The world’s output had ri^ / 
jfeoto .^bout q.^,000 tons in 1901 to a maximum of 134,900^ 



TIN ORES 


2 .' 

tons in 1913. The loss of the German, Austrian and Belgian 
iharkets in 1914, together with diminished industrial require- 
ments in otJier countries, led to a general reduction in output, 
whilst the increasing cost of production and difliculties of 
tranr^port increasctl this downward tendency. The production 
in 1916 was about 122.000 tons, which is still greater than 
in any year prior to ifyi2. '1 he large demands in America 
for tin in iqiO and the following y('ars could with difficulty 
be met, and consequently the pjie<' rose to an unprecedented 
figure. In July 1914 the average price of tin in London was 
£14^ los. 4 d. per ton ; in tho same month of each of the four 
following ye, us it was £ib; 5s. nui, £i()H (js. (}d„ (242 6 s. 6d„ 
and £359 17s. <)d. res])eclivelv. 


'Fill: Or!:s of Tin 

CdssiU'yite or tinstone is piiK tirallv the only important ore 
of tin. It ('ousists ( 4 * tin c)\id(' (SnOd. with a theoretical 
metallic content of ;S-() pia cent. Oxides of iion and tantalum 
arc sometimes p.restait in '^niall amounts. 'The mineral has 
iisiially a deeji liiown tc'* bhick e(»lour, hut it is sometimes 
red {ruby (in), yellow {losin (in), and m,iy even be colourless. 
It has ail •'ulaniaiitine histi(*, due to its ve ry high refractive 
index (the mean value' he-iug J-oq^). Its haulnc'ss is b or 7, 
and its spedhc gruMty usually be-tween 6 -H and 7-1. It 
crystallises in the tetragonal system, with prismatic habit 
and pyramidal terminations, and is often twinned. The 
varieties known as s/nu'dldi' tin and needle (in are characterised 
by an ae:ute ditetragonal jniamid. A coinpae t variety com- 
posed of radiating iibres. with comentiie' structure, is known 
as U'ood tin. and toad\-eye (in shows a similar structure on a 
smaller si'ale, Stienni tin is wsiter-worn cassitcritc. It is 
found in alluvial deposits, w'hile flout tin occurs in the soil 
formed by the disintogratiem of stanniferous rexks. “Black 
tin “ is a term fioque'iitly applied to concentrated tin ore. 

Cassitcritc occurs in lodes that aie connected with granite 
intiusion.s, 01 nuae laicly tlu' volcanic ccpiivadcnts of granite. 
The lodes Iravi'rsc both the granite and the surrounding 
rocks, and mark a late pha^e in the consolidation of the 
intrusion, wlion emanations of Ibioriiie and boron altered the 
granite into greisen and formed minerals such as tourmaline, 
fluorite, topaz, lithia-mica. axinite and apatite, as well as 
quartz. A common a<isocialc of ca.ssitcnte is W'olframite, 
together m\h the secondary minerals scheelitc and stolzife! 
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Copper sitlpliides, arscnopyrilo, i)yrite, and ores of bismuth, 
uranium and iron, are also found in cassiterite lodes. The 
variety wood-tin, wliich only occurs in tlio upper part of tin 
lodes and in gravel deposits, is probably an alu'ialion pioduct 
of stannite. Cassiieiite itself is a very stable mineral and 
survives indefinitely in detrital deposits. 

Stannite is a sulphide of tin. copper and iron, containing 
to 27 per cent, ol tin, and frequently <‘ontains zinc, 1 1 is tetra- 
gonal but usually (Kcurs massive, and is opa(}ue, with a metallic 
lustre, and grey, black or bionze eoloui It has a haidness 

of 4 and a s])ecific gravity of 4’3 to 4 5 It occurs in veins 

associated with cassiterite, as in ('ornwall, New Soutli Wall's 
and Tasmania, and is sometinirs woiked for botli tin and 
copper. 

Native tin is ri'portcd to ociair as ii regular lomided grains 
in some of the river gravels of New South W'ales and elsewhere, 
but it is of no commercial importani'i' 

Tlie remaining stanniferous miiu'rals aie of scii ntilic interest 
only. They ineiude the sulphides canfielditi', cylindritc, 
franckeite, toallilo and pliimbostannite, the borates noiden- 
skioldite, hulsite and paigeiti', and the silicate stokesile. 

St.vtistics of pKODri rroN or Tin Oku 

Reliable figures lor Ihi' production of tin ore in tln^ countries 
of the world are not easily obtainable, lu srinii' eases there 
arc no ofhcial returns, in other cases tlu se arc several years 
in arrear. Again, some of the reinin'- an' 111 terms of tin ore, 
witliout the perccntagi' of tin be ing stated, and in others only 
exports are givi'ii. Table i givi'sihe most trustworthy liqiires 
indicating the amount of tin in the ok-s laised. tlu'se liqures 
have been obtained or calculated from ofhcial or otlier returns 
available. (See also Diagram i, p. 5) 'fhe same ajjplies to 
other similar tables throughout the Monognipli. 

Valuation of Tin Orf. 

Most of the Cornish ore is sold at the ticket ings held fort- 
nightly at Redrutli. The smelters bid for the j)arcels of ore 
offered by the mines, having previously sampled and assayed 
the ore. The samples are taken from the wet ore, containing 
from 6 to 12 per cent, of moisture, and no allowance is made 
for variation in water content between sampling and delivery. 
In addition to an arbitrary deduction to cover the w^eight of 
the sacks in w^hich the ore is delivered, the smelters arc allow'ed 
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ton for each unit below 70 per cent, down to 65 per cent., and 
decreases l>y 2s. ()d. per ton for each unit above 70 per cent. 

A specimen contract for the delivery of Bolivian tin concen- 
trates in Livrirpool contains the* following: details as to pay* 
ment. The pri( e of tin on winch the iiayineiit is based is 
the mean of tlu‘ cash and three months’ pi ice of standard tin 
as (pioted on the London Metal Lxeliatige on the fourteen days 
following the stfaima’s rcpojtrd anivnl at ljv(‘r])ool, averaged 
to the lU’aresi live shillings hroni llie [>erc(mtage of tin content 
as shown bv assay the hdlowing deduetioiis aie made . 
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The peict'iilage so obt.iimal is multiplied by the agiecd 
average' pi ice of tin and divided by 100 A returning charge 
of £() is deducted h>i ceun e nti ates assaying 60 ja'r ce'iit. or 
eivt'V, and a luithe'i ele'duttu>n of tx/. is m.uh' fe)r carh unit 
below f>o. down t<‘ a minimum eif 5s ]^cr cent. Tlie total 
antimony, e<)p[)er and bismuth content must not e'xeecel 075 
per eemt , anel zs. i)il. is eh'eliu'lt el lor eat li o‘i above 0 '25 
^ent. 

Till-- PKie r eu Tin 

Table j and Di.igram j show tlm lUictuations in the price 
of tin m the yeais ie)(U to ie)iS. whili- reble4and Diagiam 3 
show tile average nuinthly |)nee from January 1912 to 
Dectinber 1918. 
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Table 4 

Average Price of Tin in Loudon per ton (2,240 lb.) 


1 

X9t4. 




WO 


If; I s 




n;i7 


Ic,t8. 


I*. 

£ 

s. 

d 

£ 

s. 

d 

£ 

s 

d 

/ 

i 


/, 


d 

i 


d 

£ 

«. 


ban.. 

191 

^4 

(} 

22 S 

5 

n 

1 72 

0 

1 1 

1^9 

1 1 

i. 

»73 

19 

4 

l89 

6 

4 

-J93 

6 

2 

Bkeb.. 

1 95 

4 

10 

2 2< > 


3 

18 1 

12 

t< 

'5'* 

1 1 

9 

181 

3 

4 

l.;8 

!•; 

3 

311 

12 

3 

[Mar. 

192 

15 

0 

-03 

1 1 

10 

171 

( > 

1 

1 ' 

1' > 

10 

191 

1 3 

1 1 

2' 7 

in 

8 

398 


0 

[April 

20 U 

H 

3 

f 

M 

2 

19} 

3 

'/ 

1<)9 

n; 

• ' 

I9‘) 

1(1 

(- 

2 2<) 

3 

It; 

}29 

iH 

I 

(May. 

2 (.'9 

0 

i 

22} 

14 

3 

150 

19 

3 

ni2 

IS 

9 

!.;(» 

< 1 


-45 

2 

19 

3^>4 

7 

8 

Jane 

205 

IS 

9 

204 

9 

I 

138 

i(> 

2 

197 

17 

3 

«79 

I r 

y 

242 

7 

7 

331 

19 

u 

i July, 

202 

s 

3 

183 

19 

1 1 

i !-• 

U' 

4 1 

197 

5 

K-i 

1(>S 

() 

C) i 

^1-’ 

9 

{> 

359 

’7 

<) 

Aug. 

208 

3 

f) 

i8S 

19 

0 


♦ 


‘■S' 

I 2 

10 

1 9() 

i(» 

Kl 

:-9} 3 

JS 

8 

1 380 

19 

8 

Sept. 


19 

ij 

I'H 

7 

7 ' 





IS 

4 

1 , 1 

s 

1 

,‘■'13 

19 

5 

j 313 

19 

9 

Oct. 

228 

9 

l 

1 1S3 

i> 

3 




131 

19 

2 

1 }9 

S 


j*’17 

9 

4 

! 333 

lo 

0 

Nov. 

227 

16 

KJ 

r8f 

0 

0 


4- 


197 

IS 

3 

1 S9 

9; 

s 

1 - 7 ■> 

2 

Id 

1 317 

7 

7 

Dec. . 

2 29 


s 

1 "' 

18 

J 1 

1 ^ 

1 


I07 

3 

K ' 

f8 3 

9 

1 

i 2(,;S 

10 

3 


14 

3 


* No (Jllol.ltioir 


Diagram 2, in whirh the price of tin i)C('n })]ott(‘(i on the 
same diagram as the output ol dn'ssc'd tin oie m Ihitish and 
foreign countries, sll()v^s the close iiit<'r(]ep<*iidence whieli t'xists 
between supply and priee, and wliich ( annot be disguised by 
the speculative charaeter of the niaiket Tlu' ouljiut is 
given in greater detail in Diagram 1 In (> an inci easing 
demand for tin, together with a dimmislu'd output in tlu* 
.Malay States and Hanka, caused tin* pnee to rise ; this stimu- 
lated the development of low-grade deposits m Austialia and 
elsew’here, and caiistal an increased p»ioduction, which by 1908 
had overtaken the demand and brought dowm the price. 
Consumption continued to uu risase, howa'ver, and from 1908 
to 1912 the price rose m spite of tlu' inei easing sup})lies from 
Bolivia, Banka and China. In 191 ; and 1914 this increased 
production caused the prua* to fall, and the lust lifteeii months 
of the war saw a small demand, low price, and diminishing 
output. In 1916 and tin* following y(‘ars, however, the Ameri- 
can consumption grow to unprecedimted piopoitions; the 
expense and difhculty of mining and shipping the ore under 
war conditions caused a further decline in production ; and 
consequent I3' prices rose to hith(‘rio unknown hgures. 

High prices, as compared with those of 1914, are likely to 
tule for some time. To the large demands caused by industrial 
, .expansion in Allied countries after the war will be added those 
of Germany and Austria ; and only giaduaily will it be possible 
;; to obtain the capital and machinery necessary for a large 
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increase in production. Until the supply mqre nearly equals 
the demand, high prices must prevail, and tliis will stimulate 
the exploitation of low'-gradc deposits which in 1914 would 
have been unremuncrative. 

Tuk Phopfrtiks of Tin' 

Tin has a silvery-whito colour and a brilliant lustre. It has 
a crystalline structuie, as may be sian when the surface has 
been slightly attacked by an acid (moire mtiidliquc). To this 
crystalline structure may b(‘ attributed the low tensile 
strength of the as well as the characteristic “cry" 

and the elevation of tem])oralure produced by bending a bar 
of tin. 

The atomic widglit of tin is 1187 and ith specilic gravity is 
7*2Q when cast. In rommiTcial tm the latter olten rises to 
7*5, since the impuritus commonly picM-nt have a higher 
specific gravity tlian tm. Tin melts at . and boils at 

about 2,100° C., but is volatile at lower teinpeiaturt'S. Its 
specific lieut is 0-056. It has a conductivity of i.p5 for heat 
and of ii-j for (-lectricity. tlut of Mlver being taken as roo 
in each case. It is veiv malleable and ductile, especially at 
TOO° C., and can easily be rolled 01 Ix'ateii into foil, At a 
temperature of about 2oo'^(\, liowevt r, ]>iin' tin is so brittle 
that it is readily sliatlert'd by a blow fn>m a hammer. At low 
temperatures, and es[Hrially about - 40 ' tin tends to pass 
into an allotropic modification known as gn y tin. This change 
is sometimes refiared to as “ tin p('st.’‘ the tin being covered 
with small pustules grey tin, which is an iiicolicrent powder 
anil has a lower density than the common white tin. 

The best brands of commercial tin are remarkably pure, 
often containing less than o-i per cent, of other metals. Class A 
tin, which contains not less than <1075 per cent of tin, is 
taken as the standard with regard to price ; ('lass B metal, 
with from og-o to 0975 por «'ent. tin, is ]>iiced at per ton 
lower. The former is used in tin-pkile manufacture, w^here 
impurities give a duller and poorer coating, but Class B tin 
servos for the making of alloys. 

The impurities usually present are copper, iron, lead, anti- 
mony, bismuth, tungsten, sulphur, arsenic and stannic oxide, 
These impurities tend to make the tin harder and less malleable, 
and also impair the brilliancy of its lustre. Table 5 gives the. 
analyses of several commercial brands of tin, according to the 
London Metal Exchange. 
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Tabic 5 

Ajudyscs of Commercial Brands oj Tin 



Tia 

Anti- 

meiiy 

Atsciiic 

I.tad. 

iJis 

muth 

1 , 

Lopper , Iron 

Silver. 

Sulphur. 

Banka 

00‘05' * 

' '•(U '7 

ml 

t race 

ml 

o-oi8 1 o-( , J 5 

nil 

trace 

Billiton , 

() 0 O 

. i-of 10 

ml 

ml 

ml 

0-02^ ml 

ml 

ml 

Penang . 

00 -<>0 

trace 

0.005 

louc 

ml 

O-(U 0 o-l»2S 

ml 

<>•004 

Singapore, 


0 ooS 

0-015 

o-'M| 

'"*1 

0 052 , O-Of.J 

</-o< >0 

0-005 

Mt. Bischolf 

09- 7 95 

0015 

0 005 

0-0^7 

0-005 

n-035 ' 0-0|2 

tiaee 

o‘O08 

Pyrmont . 


0-017 

0 019 

trace 

ml 

0 022 i trace 

ml 

0*004 

Irvine Bank 
Williams. Harvey 

90 - 5-50 

0-()(»2 

0-031 

0 22 1 

0025 

O-J 20 . 0 002 

(j-ojS 

0-004 

d' Co . No I 

oo-soo 

0-015 

o-< 40 

.;-00, 

( , 0( ,5 

00,7 N, 0(,^ 

ml 

0*006 

1 )o , No. z 

9 9 - 590 

0 J ()0 

->'•37 

0-102 

. , 0( 

""'.V’ ' <'•005 

tiace 

0-013 

Do , No za . 

0<) 35 '> 

^'•- 1.5 

0 of, 5 

0 22-; 

0-015 

0 042 ;o oiO 

trace 

0-013 

rvi . No ^ 


o-y )o 

0-037 

( \<,h 

0 007 

o-joo (eoi ^ 

1 0-014 

o-ooo 

Do , No ] . j 

09 0}l 

o-<n I 

1 0-022 

trace 

0 (JOI 

O-O20 ' tra» e 

! iiace 

0*005 

Penpoll, No I . i 

99 720 ; 

' 0- I IvS 

1 0-054 

OOfI 

' " ‘">7 : 

o.f,52 i o-oo.j 

j 0 009 

0-007 

Do., No r . 

95-7 JO J 

0-509 

!oo^2 

<,- 5 jO 

,, <,55 ; 

0 10 ^ ^ 0-(»07 

'>'UI 3 

i 0*004 

l>o.. N<i i 

.J 9 - V ^o 

<>\U 5 

! 0 05O 

0- 2 1 2 

o-r-v* 

0 - 0.58 (r002 

1 <r02I 

o*< (CI9 

Rcdrutli * 

Th. CluJd.schinMt, 

99 - UK) 

O-i ;o 


.,.,77 

'0-0J7 

0 145 ! O-014 

i 

1 0-006 

1 

o*oo8 

No i 

99 -M 90 


i ml 

0-102 

1 ml 

0 04 ^ 1 trace 

1 nil 

traco 

Do , No 2 

00- p)" , 

.,.(,15 

ml 

( ,. J 2 5 

ml 

o-oO<) ' tiacc 

i nil 

trace 

Do , No j 

09-1 V i 

(•-122 

(;-op, 

o-i.M 

0 112 

o-.|52 I 0-CO7 

0-00(; 

trace 

Chinese, No i . 
Wing Hong .V' Co , 
No 

'>'C j 4 5 j 

o.(;5i 

o-op> 

'>•314 

0-007 

0-052 O-OlO 

trace 

1 0 * 0 U 


o-', 7 <) 


J -055 

0-012 

0-1 M , O-0J4 

Ir.K.c 

1 0*011 

Do., iVo. 

95 - 2S0 1 

1 

O'i.Sf 

(.)-050 

V 995 

' 0-02-) 

o-loO O-O 20 

o-oiti 

1 

1 o*oo8 


* Cuball, (JH)U por cunt. 


Uses of Tix 

Tin is rarely used alone, except in pipes for distiUrrics and 
in the form of tin-f<ul for wrapping j)iirj)o^cs. 

The most important u^e to which it is put i^ in tln^ manu- 
facture of tin-plate. Tlie industry is centn'd chiefly in South 
Wales and the United States, and consists in applying a film 
of tin to the surface of thin sheets of mild steel. The sheets 
thus protected arc made into " tins " oi cans for tin.* transport 
of preserved food, oil, and other commodities, or into cooking 
utensils, etc. The metal used for rolling into sheets was 
formerly charcoal iron, but very mild steel is now employed. 
The bars of steel are heated to redness, rolled, and folded 
in two. The rolling and doubling over are repeated until 
sheets of the required thickness are obtained, which are then 
cut to size and separated. The rough " black plates thus 
produced are covered with a black scale of oxide, which is 
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removed by pickling them in warm dilute sulphuric or hydr6- 
chloric acid and then rubbing them with sand and water. 
They are thou ann<‘aled, cold rolled, rc-annealed, and again 
pickled, rubbed with sand, and swilled with water. While 
still wot they arc* passed through the tinning machine. This 
usually has two compartments, but the division does not reach 
to the bc'ttorn. Tin* molten tin in the lower part is covered 
by a tlu.x of zinc chloride in tin* hist compartment and by 
inched grease in tin* sei ond. d'he ])lat('s pass through the flux 
and down through the tm. (*merging through tin* grease. They 
tin'll ])ass tliiougli rolls wliieh lemuvi* supeilluuus tin and give 
a smooth and biight suihn e. 

I'uhlc () 

Pi'i.'tcr, Si)jf "^(lidcrs, find lusiblc Mctah 


Ki^niutli Ladmui 


MelCni:' 

rwnt. 


Pcwtoi. . i 

,, l’'r(‘ru li . j 

Soidrr, for ( Ici tii'. | 

tiniinilh'-'i 

pliiuibor’b 

f)lSIUUlll 


liurrau ol St.itul.mU 
Fu.sif)lc iiu't.il 

.. .. Uoods. 


I” 

I" 



is 


I 


> 

-e* 

■O' 



i 

171'' C. 

1 

1/)S" 



JO 

Mr 5 ‘' 

i 

iir/ 

j 10 


5- 

03 " 

1 m 

05® to 


Tin alloys readilv with m(>sl metals. The alloys serve a 
variely of pmposi;s. and ar count lor the greater part of the 
world’s tin consumption. In tm-plale a Inn* all(*y is formed 
at the jimetion of the tin aiul non, and the same may be said 
in the case of copper vesseK coated wuih tin. An alloy of 
lead and tin, containing 13 to 25 per cent, of tin, is used for 
coating iron sheets, which arc then known as terne plates and 
used as a substitute toi galvanised iron for roohng, oibtanks, 
etc. Small amounts of tin are often added to the spelter used 
in galvanising iron, to improve the appearance. Pewter and 
solder are other himiliar examples of tin-lead alloys. The lead 
ill pewter used for di inking vessels, dishes, etc., must not 
exceed 20 per cent., or there will be a risk of lead poisoning/ 
little copper is some times added to increase the hardness 
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of pewter, but the colour is adversely affected by it. Tin-lead 
alloys are also used for or^an-pipes. Solders vary widely in 
composition, according to the use for wJiidi lliey are intended. 
The melting point falls with inciease ol tin until tin* eutectic 
proportion is reached w ith h ’> p(M- cent, ot till. By tlu' addition 
of bismuth still lowei melting ])oiuls an* obtaimal, and the 
alloy passes into tlu* so callt'd tuMble ne lai-. 

The Use tjf tin for haKlciiing coppt r li.is him Lnown from 
ancient times. About 5 t)er cent tin is added to copjx'r for 
coinage piiiposcs, wliih' ainaeiu hron/«-s (ontam hoin 8 to 15 
per cent, (dm metal eontains (S to 10 pei- (fait, of tin, and 
has great strength and toughness In hell metal the pe.r- 
ceatage variiss (rom i6 to ^5 Spei alum nndal foi reflectors 
contains about [)ei I'ent o( tin <ind (>; pf'i (eiit. of copper, 
though oilu'r alloys aie now frupiently ns< d foi tin* purpose. 
Gun metal, tonmaly nsial lor casting cannon, is now i‘ni])loye(l 
in various parts ot machines, such as geaiiiigs, slidt'-valvc'S, 
beanngs, etc f or th('s(' pnr|)oses phosphoms is advantage- 
ously added to act as a dco\idi-ci. and in excchs to mcroast^ 
the hardness and resistance to weai, Smh alloys are known 
as phusphor-bron/.e. 


IhoWC, (jU)'i Mtlai, ('It 



j Tin 

J Copp(t ' 

/HU 

P/ntish bron/:c coinage 

1 

* '->5 

I 

Gun metal 

') 

! '0 


Pell metal 

' 

1 : 


Speculiini metal 

’ M 

O; 


Pho-'^phor-bronze 

' 1' ‘ 

. “o 


Brnnze bearing metal 

' 

i ‘ i 



j rixi^plinuii. 


Alloys of tin wath antimony and one or moKi other metals 
are of great industrial importance. The white antifriction 
metals vary in composition accoidiiig to tlic weight and speed 
of the load they are intended to bear. Biitannia and similar 
silvery-white metals consist mainly of tin, wliile in type metal 
load preponderates and tin is often omitted in the softer and 
cheaper qualities. Tin amalgam was fuimcrly much used for 
making miirors. 



14 


TIN bRES 


Table 8 


Bearing Metal, Britannia Metal, and Type Metal 



Tiu. 

Antimony. 

Copper, 

l,ead. 

Blstnuth. 

Be;winginel.il, li.ibhitfs 

90 

7 

3 




,, ,, for locoiiiotivea 


i-l 

4 


— 

M 


I.C.I 

3 


— 

Britannia metal f<jr ‘ipuinmg 

bi 

5 

I 


— 

,, ,, .. roUi'Ks' . 

00 

7 

3 


— 

,, ,, ,, rastiir^ . 


i' ' 

4 


1 

Quf'en'a tnetal . 

;5 

‘U5 

... 

H-5 

8 

Typ<' metal 

i'l 

IS 

2 

70 

— , 

1 7-,. 

' 1 5 

1 

7« 



Tin (•()iiii)ouiuls arc cxt'‘n<iv»-lv used in the dyeing, calico- 
printing, aii<l silk industru'h. I he* stannous salts have great 
reducing [)io[)('rlics au<l aic u‘^cd a^i resists and discharges in 
printing. Stannic I'hloi idc, i’utton sj)n its, oi tin spirits (names 
giviMi to a vaiU'ty ol dilutions of tin) largely used as a 
inunlant for I'otton and liik'H, as i^ also sodium stannatc 
(preparing salts). I'oi wool, stannous (idoude* (tin ciystals) 
is usually employed I hi- weighting of silk also consumes 
large (juaniuu'sof staniiK chloride. xMany other ('ompounds, 
?ucii as stannous lutratt', Milphocyanide, acetate, oxalate, 
citiate and tarliatr'. aia' aKi* U'^ed as mordants in dyeing. 
The" ])inksalt " founei ly employed by d)ers consists of stannic 
chloride anti ammonium thloiidts 

In ceramic indiistiies stannic oxub* is ('xtensively used to 
form <in opatpie while m t'uainels, glazes and glassware, A 
bloodu'cd gla/< is piodm (‘d liy ('ttinpoundsof tm and chromium, 
whilt' pmplc <d* ( assiu,^ js a (tnnpouiKl of tin and gold. 

Stannic sulphide is enijdoyctl as a gilding material under 
the name of mosaic gold. Wirious pink, lilac, blue and green 
pigments ctaUain tin, but they aie of comparatively little 
imptu'tance. 

A mixture of tin and lead oxides forms the putty powder 
used in polishing glass, stone and metal. Under the name of 
tin ash it is used aUo in the [lottery industry. 

The relative (piautitics of tin used in the United States for 
the dilferenr purposes omimciated above is shown in Table 9. 
The tigures relate to a war year, 1917. and in other countries 
different proportions arc probably allocated to the various 
industries. Chemicals (oxide, chloride, etc.) only account for 
1,718 tons. 
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Table () 

Consumption oj Tin in the I’nilcd Stales in 1917 {tons) 


Tin and terne pLUe . . . -i;. (‘dllaj'MhU' tubos 

Solder 1 7 i.oi) , \\ iiitr nuM.d . 

Babbitt and other Kmiiii:,' met. il'5 n* s< ■' MiM’fli.uiowU'. 
Bra^s and brtni/c . . . 

Foil 

I I O I A1 . 
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Tlhi recciU si-nniv of tin lia". 1< tl i(» niv<'slU4.tlioiis boiiif^ 
made, osp('ria]]v in Anii'n* a. nito tin }M)s^il>iht\- of ualucint^ 
the tin contend oi vaiious a!io\'-, m otdi 1 to make the Hunted 
supply of the metal yo faither In the (a^e of tin-plate, it 
was shown soiik* veam a.^o that whiK IIk' lustie and resistanct' 
to rusting ineiease soiin wliat w ith inei . asm^- w eieht of coating, 
the utility of llie tni-j)la(e (01 pa( Km;; imtst elapses of food i^ 
praetically the Nime hn j)Lite (anaiiig fiom 1 to j 11) of tin 
per base box (iid die< t-., i.j b\ 2(> in ) ^)^o^l/^ btaiing metal 

containing (>3 iiei (ent (opjun, go lead, and 3 tm has bLcu 
used witfi siuu's^. and 111 thi^ allot' 2 01 even g pt r ('(Mil. 
antimony may loi some j)in pose^ be ^nbgitiit^ <1 for tin. Ikib- 
bit! imUals with iinly 3 laa (('iit tin, 01 e'’(‘n no tm at all. 
iiave been tested by the Jhiiiaii of Standaids <is well as alu- 
ininiiun and oilier bion/es 1 lie IHn ran lecommends a solder 
containing 80 per cent, le.id, lo tm. and 10 uuJmium. 

Sj:toM>AKV Ti\ 

The recovery of tm from chan s( ijps ot tm-plate and from 
alloys and <'om])ounds contiUnme, tin yields emisiderablo 
amounts of tin and tm compounds m this ('ountry .and the 
United States. k)n]y in tierrn.my, liowcvm', has extensive use 
been made of old tin cans and other such ietuse,but an attempt 
is now being made to utilise in tins (oimtiy the old tins that 
were formerly either wasted or sent to (iermaiiy as ships' 
ballast. In some cases the scrap is merely placed on grids 
and heated, when the molten tm falls to the bottom. The 
Bergse process employs stannic chlondi* as a solvent, which 
dissolves the tin and forms stannous chloride. This solution 
is electrolysed in a separate vat, when metallic tin is deposited 
and stannic chloride regenerated. In an electro-chemical pro- 
cess the tin-plate cuttings form the anode and a 10 per cent, 
solution of caustic soda is used as the electrolyte. Sodium 
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The tin ore imported is chiefly of Bolivian origin, and is 
shipped to this country from ports in Chile and Peru. The 
total imports from South American States rose from 22,542 
tons in 1914 to 35,767 tons in 1915, when the Bolivian ore 
which formerly wtnt 0) CtTinany was diveited to this country. 
In 1916 th(.‘ amount had fallen approximately to normal 
at 24.587 tons, the exa ^'ss ore bciiig taken up by smelters 
in the Unib'd States and South Auiiaioa. Nigeria sends the 
whole of its uul|)iit of (in on- to be snu'lted in this country, 
but the South Afiieaii ore whu h fornualy came here now goes 
almost entirely to lh(' Sti.uls Satleinents. This change, 
though obviously ace^ lei.ited by war conditions, had begun 
before the wai, and its ('lfe<'ls will dmibtless continuii in time 
of peace. 

The, greater part of the tin imported mt<> th<‘ Tnitt'd Kingdom 
is smelted m the Strait^ S( ttlemeiits. Australia, Hong Kong 
and the Dutch JSist Indies .11 tin* next laig('st contributors. 
'I'he imports fiom the l.isl-iKinud countiy show an incn'ase 
in 1915 and loih, dm' tr> much of lla^ tin that was formeily 
sent to IlolLuul and CK'im.iuy coming to tins country. 

Tables 12 and 13 give details of the imports of tin oie and 
tin in lecenl y<Mrs. 

'fhe ex[)oits of tin ore and tin troiii the I'uited Kingdom 
are shown m l abh ■> 14 to i(> Small amounts of ore were re- 
exported, pnncip<dlv to (i(‘iin.’ny In tin' live years preceding 
the war the United States took bctw’eeii 28,000 and 33,000 tons 
of tin annually, or about 70 per ec'iit. of our exports. In 1915 
the exports to the States fell to i7,()io tons, in K) 16 they were 
21,672 tons, and in 1917, 18, 7(12 tons. 'I'lns fall is largely due 
to high freigiits, much foirngn and ('olonuil tin that was formerly 
brought to this country for tians-shipnieiit being now sent 
direct t(,‘ Its final destiii,itn>n. 

The tin-plati' <'X])Oits aKo show a .guat decrease in quantity, 
though not in value, duiiiig the war yeais, liaving fallen from 
494,407 buis ill 1913 U) 177,383 tons in J917. The United 
States was formerly a large customer, but now that her own 
timplato output has increased to over a million tons a year 
she has begun to send it to this country, besides supplying 
much of the needs of Canada, South America, Japan, India, 
and other countries. 

Cornwall, with the western part of Devon, was for centuries 
the most important tin-mining region in the world. The 
industry dates back to pre-historic times. In the sixteenth 
century the output of tin was about 700 tons a year, which 
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Imports of Tin Ore into the United Kingdom 
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Table 14 

Exports of Tin Ore {Foreign and Colonial) from the Vnitcd Kingdom 

In tons (2.24t- Ib.) 
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increased to 2,000 or 3,000 tons in the eighteenth century. 
Between i860 and 1890 it reached nearly 10,000 tons a year, 
but receded to about 4,000 tons in 1899. As recently as 1870 
Cornwall produced 50 per cent, or nioie of the world’s output, 
whereas it now produces (uily about 4 per cent. The total 
amount of tin which has been produced from Cornish or^ is- 
estimated at about 1,500,000 to 2,ooo,()<)0 tons, a figure only 
exceeded by one. othei n‘c:ion. 1 Ik^ Malay Peninsula, including 
Banka and Pdlliton, jnoduced about 2.300,000 tons of tin down 
to 1916, Australia and I Bolivia ea< h about 300,000 tons, whilst 
the lodes of S<ixony and lk>}i('nu.i. whadi are now' practically 
exhausti'd, have yn‘lded little inon than 100,000 tons. 

The tin and (op])er depo-^its of (<»inwall and Devon are 
connected with live laigt' masses of granit(‘, and some smaller 
ones, which are intiiisivc in sedimentai\ rocks and associated 
igneous rocks knov\n as “ gusaistones ' 'I he sediments arc 
for the most p<ut slaty in chaiactiu' and an' called " killas." 
In age they an' paitly Oidoviei.m (01 oUha), paitly Devonian 
and ('ai boniferons. whih* the granite lutrusn^ns aie either late 
Carbonifennis or Peimi.in 

(dosely connected with tin* graniti' intrusions are numerous 
" (dvaits, ' (»r dyk< s of (juai tz-jioipliviy, wlule the last phase 
of igneous activity was inaik('d by tiie emanation of metalli- 
ferous vapours and solutions through lissuies which traversed 
the gianite and ovt'i lying kdlas This gave rise to the tin- 
copper lodes, with their dominant east-noi th-east sliike. The 
lead-silver lod('s \\Jiich tiaveise llie killas in a north and south 
direction afipeai to be of later date. 

The lodes and elvans aie h)r the most jxii t crowded together 
at ont sid(' of the granite intiusion, near its margin or in the 
surrounding metam(ui)hi(' auieoU-. i liis appeals to be due to 
excessive distmbance of the sidiiiK'ntaiy rocks on one side of 
the iiUnisiv'c mass To the same cause may be attributed 
differences in tlu' striictme of the lodes. In the principal 
centres they consist of w’id<‘ zones of tlssuicd rocks, with 
frequent buccias and crushed material; wdiile the outlying 
lodes consist of clean cracks or joints of remarkable straightness. 

The chief 01 cs found in the lodes are cassiterite, with some 
stannite ; chakopyiite, boinite and chalcocite ; w^olframite 
and scheelite. Less important arc galena, tetrahedrite, silver 
ores, zinc-blende, bisinuthinitc, molybdenite, cobalt and nickel 
ores, pitchblende (uraninite), manganese and iron ores. . 

Professor Cronshaw, who has made a detailed examination 
of a number of lodes at vai ious depths, contributes the followiiig; 
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note, embodying his conclusions on the time-order of deposition 
of the lode contents : — 

% 

" The mineral contents show a definite arrangement 
within the lode fissures, and, moreov'er, display well-defined 
mutual relationships. This dt'fmite airangenient is the 
outcome of a definite older of intrusion, winch, for the 
Camborne district — and it veiy probably admits of wider 
application — has b<'en found to b<‘ ds folK.ws. — 

I. Laige grained and ( (Uisideiably brecciated 
quaitz 

♦ II. Small graim d quartz, cassitenU-, loiirmaliiie, 
and chlorite. 

III. (a) Brown, linely ciystalliM'd tourmaline and 

chlorite, or ‘ brown peach,’ willi minute grains 
of cassiterite and <i ceitain amount of arseno- 
pyrite. 

(b) ‘ Blue ])eac}i,’ witli cassiterite, and some arseno- 
pyiite 

IV. (^v) MuorsjKir, and to a less extent, secondary 

ejuartz Veins c<jntammg a litlh* C(q)p(‘r pyrites 
and occ<isional re-ciystallised cassiterite. 

(b) Cakite veins 

(c) Veins of luLinatite, iron pynle.s, quartz, etc. 

(d) V(*ins of galena, zuie-blende, quartz and copper 
pyrites. 

The bulk of tlu' cassiterite made us appearance at stage 

III 

“ The several stages wane srjiaialed by intiu vals, towards 
the end of which moveimmts re-oponed the lodes, pre- 
paratory to an infiltration and (k position of additional 
material. The amounts of tlie various mineral associa- 
tions deposited in the lodes at iMch stage differ in every 
case, as also the extent to wdiich fissuiing took place during 
each interval. Thus some lodes are characterised by the 
' predominance of certain minerals, or associations of 
minerals, and likewise a certain amount of variation in 
character of mineral constituents takes jilacii from point 
to point within one and the same lode. The commonly 
observed preference of copper ores for the upper parts of 
the lodes is probably due to the. fact that the latest move- 
ments which wcue connected with the mineralising opera- 
, tions would be more likely to affect those portions of the 
bdes^ which lay within the killas than the portions situated 
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in the more resistant masses of granite, and the ores of 
copper, whicli were amongst the latest to arrive, would 
find in this zone the open spaces required for their de- 
position. 

“ The later eioss-coiir^es interse/'t and fault the tin- 
copper L^h s so that tlaar diiections of strike are roughly 
at right-angles t<> one anotlua. I he cross-courses do not 
contain tin, but m soiin* (.asos tliey have yielded ores of 
lead, zinc and silva i 

“ ('amhoruc and Land's hnd . 1 yeas ^ (icographicaliy con- 
sidered the lodes of south-west ( (unsvall show certain 
peculiai it in tin ii dHlributuai In the Land s I in ^ area 
they are gatlnaed into i-.olat<d gianips. either within the 
giaiiite or iininediately outade its margin ; m tlic Cairi- 
boine and Kediutli di^tiiMs tiny are packed into the 
nariow belt ot nu'tainorphnsed shtih's l\’ing along the 
thinks of the (am lhaa and (am Marlh granite intru- 
sions, whilst die Intel \<ning (ounti y oC( u})ied by a broad 
tiact ol kiHa-^. Is ( harm tensed bv a more general dis- 
tribution Till s(' h-aluri w hen i nnndeied m conjunction 
with the geologu.il suuitme ot the region, Imd to the 
imjioitant ob^eivatum that the morr impoi lanl ore-bodies 
aie geniMMlly ''itniled .it or ne.n the lumtions betw'een 
granite .iiul killas I'he .ippareiitly anomalous cases of 
ioilesoci mimgwilhm tiaetsol killas.in(l gianite still con- 
form to thegc'iieial lule. ioi , m the loimei case, the killas 
is under!, nil at no gie.it depth by granilr. and, in the latter 
case, lodes sunali d w ilhm thi' outcrop of granite no doubt 
repri'sent the loots ot eroded, and ioi merly moie extensive, 
bodies. Th.it the lissiinng was hir I’roni being general is 
shown by the ab->enee of valiudih oi ('-deposits from the 
low'ei half of the Land s Inid imns. as also from the 
luclamorphosed maigin alxtv'c Len/anc'e, and the zone of 
alteiation siiHounding the huge granite boss of Carn- 
menellis. 

“ Another factor which seems to have an important in- 
lluence upon the distribution of the ores is the angle at 
w hich the sill face of the granite slopi s beneath the killas. 
\Miere this is high the zone of metamorphism is narrow, 
and the mineral deposits aie sparingly developed ; on the 
other hand, the richest and largest deposits have generally 
been found where the slope is gentle ^ ^ 

111 many cases the passing of a lode from killas into 
granite has effected an important change in the value and 
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nature of its contents. It lon^:^ been observed that, 
generally speaking, the lodes in the granite are richest in 
tin, those in killas ino^t productive of co])pi r, vvliilst in 
those at or near tin junction of tlu- two loeks, both tin 
and copper are found Many lotk of ilie latter type 
furnish good instances of tin' variation in the ]noportions 
of tin to copp(‘r with change of depth , and as a general 
rule it is found that in the nppei p.ii ts of ^aieli lodes cajpper 
ores are dinninant, whiht in depth .md within the giaiiite 
they give place to i ich d» po^us of tin 

"The geinial dn-tnhminn ot the nnliviihi.d lodes is 
more' coinaaiientlv ( on^'idcn d win n tin v ‘Oe goaiped into 
zones. 'I'hi^ w leiuleud p(»''Sii)lc by the fa( t th.it, as a 
rule, they oi'cur in eion]»s ol iiion- or h-^s (io^< Iv [)acked 
anti paialh'l indi\iduaK, wIikIi bianeh, inleisett, .iiul dis- 
play a gtau'r.illv complicated stiiu tme and .11 1 angeinent. 
It i^ altmg thesr loth'-zones that the piimapal mines are 
arranged. '1 he toiinii\ look hetweon these zones has 
suffered onl\ <i lej.itnely >mall .unount of mineialisation. 
Tin' iiuln'idual nn-mht rs (li'^])].iv many n n'gul.u ities. In 
strike tin V aie roughly pai.dk 1 to oin' .motln'i , aveiaging 
about IT g,o" X., .ind their geneial dip high .nul towards 
the noilh d hev nitei^et t our .nvllit'i. brancli and unite, 
die out 01 ‘ make ' in the diK i ti'Mis ot dip .and ^tl ike, and 
send out sub^diaix (‘lldioot^ 1 Ik v \.nv ni width from 
point to ])oiiit, and in tin' amount .iiid diia'ction of their 
inclination. Again they ‘ iiiiiu'ialiM' ’ poi lions of tlie sur- 
rounding (ounliy lock ])) seiuling out liin* tiffshoots." 

In the w'esl <)f ('oinwall aie the tw’o mining centres of 
St. Just and St. fvih, both at the noitln'rn nraigin of the 
Land's End granite mass. In tlu' bt Ju^'t distrii t many of 
the mines are sitii.ated on the ehlts, and follow’ the ore for long 
distances bemaith the sea .Much the ore is confined to 
narrow hssures and, at the junction of thes(‘, nearly horizontal 
sheets or " floors ” of tin ore often occ nr 'I'he principal mines 
of this district are tlie Levant and l^id.ilkuk mines. Of the 
St. Ives mines, St. has ( on-^oh is the most interesting, by 
reason of its irregul.ai j)ip<--likc d( posit', of tin ore knowai as 
" carbonas." TIk’ great carbona .ipjK'.us to have Ix'en formed 
at the junction of veins witli a ( ro'>s-C“Uise ; it had an average 
height of 24 feet and width of 12 feet, though in places its 
dimensions were much greater . and it consistial of tourmaline, 
cassiterite, chlorite, fluorite, chalcopyrite and pynte. 
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In the Camborne and Redruth district the primary zonii^ 
of the ores is well shown, many of the lodes being rich in, 
' copper ore while in the killas, on entering the granite the. 
copper givt's place to tin. Thus at Dolcoath. the richest as 
well as the deepest mine in ('ornwall, copper ore prevailed to 
a depth of about i.ooo feet, below which tin ore was found. 

Most of tlu' lodes connected with the St. Austell granite are 
in the metainoiphic aureole on the south side of the intrusion. 
In the granit<' they are clean cracks or joints, tilled with quartz, 
cassiterite and wf)lfiamite, while in the killas they often con- 
tain much hr(‘cciated countiy ror k, or consist of numerous small 
parall(‘l cracks, sometime'^ w ith intersecting cracks constituting 
stockworks. At I’.iik uf .Mines a peculiar structure occurs, 
most of the tin ore being in opened planes of parting in the 
killas through w-liich the veins cut 

The Bodmin Moor granite intiusion has metalliferous lodes 
near its south-i'asterii maigin, but they have yielded more 
copper than tin. 

The lodes of Devonshire are chielly in the neighbourhood 
of Tavistock, on the west side of the Dartmoor granite, and 
Ashburton on tlii' oast side of that intrusion. Most of them 
are in the killas, and copper oirs are more abundant than 
tin ores. 

The relative importaru e as sources of tin of these five great 
granite intrusions is shown by the following tabic, giving the 
approximate peieeiitage of the total annual output produced 
by each intrusion and its surrounding roclis in recent years: — ■ 

Per cent of 
total output. 


Land’s End granite . . . .12 

( amborue granite . . -85 

St. Austell gianite .... i 

Bodmin Moor granite . . . . i 

Dartmoor granite ..... i 


The working of alluvial deposits, or “ tm streaming," is ai 
older industry than lode mining, and most of the deposits haw 
beem W'orked over and over again till practically exhausted 
The St. Austell district is particularly famous for its tin-bearin| 
alluvial deposits. At the old Happy Union Streamwork^ a 
Pentewan the tin ore was confined to 3 to 10 feet of grave 
resting on bedrock beneath some 50 feet of barren sand an< 
silt, and about 50 feet below sea-level. In the high-leve 
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^iJluyiafcl flat? or moors/* such as Goss Moor and Red Moor, 
which have been worked successfully in the last few years, 
the tin*gravel rests on solid rock and varies from a few inches 
up to 30 feet. It is covered by layers of peat, gravel, sand 
and clay to a thickness of 20 feet. I'he richest ground occurs 
■in erosion channels and liollows in the solid rock, and has 
sometimes yielded several per cent, of black tin. All the 
tin-gravels appeal to be tin' re^iills of the natural c<mccntration 
of the heavier mateiial brought down duiing a period of 
exceptional erosion when the land stood at a higher levid than 
now. The output of black tin from tlu'st' alluvial deposits 
in 1914 was 91 tons, chuily from the “moors” in the 
St. Austell district. 

There are also similar works which treat the refuse sand and 
mud discharged from tin-dia'Ssing lloois into stH'ams and rivers. 
Several siK'h works are sitintcd on tin* Ki d Kiver, which runs 
from the Camborne mines into St Ives Bay in spite of their 
activity much tin ote has reached tin* sea, wliere it has been 
concentrated by wavi' ai'tion on the fon^shore of the bay, 
The output of black tin from these hoiirees m 1917 was 954 
tons, but its avoiage tiu content was only 327 jier emit, against 
65‘6 per cent, in tlie c.isi' ('f ordiuary 01 es. 

Old mine duiii[)h contain material that was formerly thrown 
aside, but vliirlj may become worth treating through an 
increase in the pnee of tin or improviMl mctliods of treatment. 
This source yielded 350 ton^ of black tin in 1917. 

Outside Cornwall and Di'voiisliire theic are no tin deposits 
of economic importance in the Ikitish Isles. Stream tin occurs, 
however, together with magnetite, wolframite and gold, in 
some of tlie valh’y gravels of County Wicklow. There is also 
a peculiar occurrence at ( am (diiiiniu'.ig, Ross-shire, of cassit- 
eritc associated with streaks of magnetite in foliated granite- 
gneiss. 


Asia 

Ceylon. — Cassitcritc has been found in gem gravels from 
the Balangoda area examined at the Imperial Institute, and 
some of the concentrates from river sands also contain small 
amounts of the mineral. No deposits of economic importance 
have yet been discovered. 

Hong Kong. — In the Kowloon territory there arc tin-bearing 
alluvial deposits, and steps were being taken before the war to 
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work them. The source of the tin is probably connected with 
the granite, which has hitherto provided almost the sole mining 
, industry of the Colony. 

Hong Kong has a considerable industry in refining the crude 
tin produced in Yunnan and other part^ of China. There are 
five refineries, and the imports of unrefined tin from Yunnan 
amounted to 6,153 ton.s in 1913 and 6.741 tons in 1914. 

India. — Tlie tin ore piodiiclKm of India is still small, though 
its value has increased from {9,645 m 1909 to £94,495 in 1917. 
South Hiirnia was till recently the chief source, but the 
Southern Shan States have produced increasing amounts of 
ore since 1912. The output in recent yeais is as follows : — 


rahlc 17 

Output of Tin and Ore in India 

In tons lb ) 
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: iyi3 
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Burma : 





j 


Mcrgui. niotal 

r?7-S 

' I lO-S 

oS-l <) 

i ’ ’7 (> 7.5 

112-80 

1.^0-895 

,, cie 

11 

.S5 ,S 5 

‘>3 ‘>3 

I I s 

1^1-85 

88-05 

Tnvoy, metal 

()2 0 

7 



.. <'re . 

1 5 

■ J ' '5 

V '’'33 

-'.5 

82-2 

88-1 

Southern Shan 




States, ore 
Thaton ore . 

Amherst, ore . I 

6o'i * 

1 


33 “-('U 5 * 

24^-1 

4.5 

‘^>•5 

404-4 

S 3‘85 

1 

Bihar and : | 





Hazanbiigh, metal | 


i 

(V05 

‘>•'>15 1 

- 

1 

Total, metal . 1 

20.^7 


1 

.)8-2 1 

^- 7-74 1 

112-86 

140-895 

., . , 


l;.. 05 
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4 D • 1 i 

l" 5-(>5 

666-05 
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1 


56, 1 ^>4 

94.495 


* iUixcd cas.'jitenlc-wolfrainite concentrates. 


riie ore is obtained chietly from stream deposits. Some of 
it is smelted locally in small native furnaces, and the rest is 
exported in the form of 70 per cent, concentrates, mainly to ' 
the Straits Settlements, fable 18 shows the destination of 
the tin ore exported, and Table 19 the source of the imported 
tin. The consumption of foreign tin in India amounts to 
about 1,700 tons in normal years, and tin-plate is imported 
to the extent of 40,000 to 50,000 tons a year. 
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Table 18 


Exports of Tin Ore from BriHsh India in the years ending 
3 1 st March , 1911-1917 

In tons lb ) 


Countries to which 1 „ 

consigned. !i9io-ir 


11 )11-12 








United Kingdom . lO 

Straits Settle- i 
ttients . . ; loi 

Other countries . , 


o' 3') 

II K, i;.S Ih; 

K) I 5 


Total . Tons i lU' -*1 

Value. / 1 U',^'00 i b t; 1 

' i i 


..s 1 
^0 


tb'Hi ■■^>•5 


j] 1 


'Fable 19 

Imports of U nu’roni>ht Tdi into British India vi the years 
cndiuy^ y,ist Marih, 1(111-1917 

In cwt (112 lb ) 


Countries from which * 
consiRne 1 ; 

lOin-I' ' 

Jl)I I-I 2 

191 : 

••n 1 

!'in >1 

, f)M i-i 

j t<»i\ -16 
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b 
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1 * <) { 
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Other 13 ntish Tos- 

t 






1 ! 
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ns I 

I'M 
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31 
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Value . i 1 
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3^5, 

7 33 : 

|2 i 2S2 

ii ),()<7 

-13,5^1 ■ 
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♦ Chiefly FcdcTiitO'j Mal.iy States 

The tin deposits of Burma form a link betwiaai the great 
tin fields of the Malay Peninsula to tlit* south and those of 
Yunnan in China to the north. As lu Malaya, tlu‘ greater 
part of the ore is won from alluvial dejiosits, tliough the work- 
ing of lodes has also begun. In most eas(js work is carried 
on only on a small scale and by native methods; and the 
output might be greatly increased by the extend(?d use of 
modern machinery. 

In the extreme south of Burma, the tin-mining areas of 
the Mergui district have been examined by Mr. J. J. A, Page, 
of the Geological Survey of India, (iranitt* ranges, trending 
^north and south, are flanked by hills formed of unfossiliferous 
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schists, slates, sandstones and quartzites. These sedimentary 
rocks constitute the Mergiii scries, but their age is unknown, 
The granite is in part gneissoid, and there is also a younger 
granite which is intrusive in the gneissic granite and the 
sediiruiTitary rocks. Dykes of quartz-porphjTy also penetrate 
the granites and scdimentarics. Decomposition products and 
recent alluvial depo-^its, together with a thick growth .^of 
jungle, cf)nccal the ro( ks over large areas and add to the 
diiriculties of exploratory work. 

Cas-ileiito is widely distributed tliroughoiit the district, and 
is irivai iably found ru'ar tin- granite hills. Tt occurs in peg- 
matites, rich in tommalim' and inusixwit*', locally known as 
kra, and in veins and massive si'gregatioiis of quartz. The 
disintegration of thes»' nx ks prodiux's tin; hill-side talus accu- 
mulations and strtMin d« [losits wliich are usually worked 
by the Chinese and Siamese tin-miners. Among the tin- 
mining areas on the maiidand may be mentioned Malhvun, 
Karanthnri, ^'anngw,l, llokpyin, W'ngan, Manoron, Mergui, 
Thabalik and tin (ireat lenxssinim v.dley. In the l\Icrgui 
Archipelago cassileriu^ has bei'ii woiked in the gravels of 
King s Island, and also oecnis in Kissering and Davies Islands. 

harther iioith, tin oia* is obtained in small amounts in the 
Tavoy distii'd, but it :s overshadow (tl by the important 
wolfram mining indnsti y of (hat district, winch in ipiy yielded 
3,6()7 tons ol oie. I In* granito and sediim'ntaiy rocks of the 
Mergni series aie Ih'K' tiavinsed by pegmatite and quartz 
veins, which contain ('assitmiti* and wolframite in varying 
proportions. ( assilerite is relatively more abundant in the 
lodes wiiiiii traverse^ the gianite, and these are frequently 
bordered b}'’ tin- and tungsti'ii-bearing greisens. The granite 
itself is .sbxnnifeions in place's, hrom these sources are derived 
the 1U)at and alluvial deposits which yield the bulk of the 
ore w'on. Ihe Amheist district, north of Tavoy, produced a 
small amount of tin oie in 1916. 

The I baton distiict of J.ow'er Durina also began producing 
in 1916. Ihe tin-beaiing alluvium is said to be rich and 
extensive, and a considerable output is anticipated. 

The JCiw’ldke State, Kaienni. Southern Shan vStates, began 
with an output of bo tons of ore in 1912. In 1917 it had 
increased to .^04 tons, and the district is now' the chief producer 
of tin ore in India 

In the Hazaribagh district of Chota Nagpur, Bengal, tin’ 
has been found from time to time in river sands by the native \ 
iron-smelter s. Ihcre are two knowm occurrences of theorerc' 
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X in $Uu, Sit Nurunga and Chappatand, and the ore oexurs in a 
.cassiterite-granulite which sometimes contains as much as 
30 to 50 per cent, of tinstone. This rock has been opened 
up to a small extent at Nurunga. where it forms a thin band 
\ in a mass of microcline-granulito. 

Isolated crystals of cassiterito have bi'cii found associated 
wit;h gadolinite in pegmatite in the Palanpur State, and the 
' mineral is knowai to occur in seveial edher localities. 

Federated Malay States. -TIh* Federated Malay States 
are the largest producers of tin ore in the world. Moreover, 
owing to the great pn'pondeiance of alluvial over lode ore, 
the resulting metal i^> ot exceptionally good quality, and con- 
sequently “ Straits tin " coniniands high prices. Most of the 
ore is exported to the Straits Settlements for smelting, though 
some is smelted locally, principally in Perak and Selang^ir. 
The amount smell (;d btdorc <\\port is shown in the following 
table, w'hich gives tin* exports from the four F'edeiatcd States 
expressed as metallic tin : — 

Table 20 


Tin in Ore and Metal Exported from the Federated Malay 
States 

In tons (2,2 jO 11) ) 



I') 1 2 

i')i 3 

' 

lOt ^ 

lyjO 

1917 

Negri Sembilan. 
Pahang . 

Perak 

Selangor . 

15.201! 

i.ss., 

3 . 1 -H 

i 5 . 4<-0 

1.697 

'•\557 
1 . 5 . I'M 

1,244 

27.776 

1 

907 

3,48.. 

27,242 

12,241 

734 

3.49b 

24.643 

10,960 

Total 


50,126 

; 40.0 12I 

4 <>, 796 j 

4^,870 

39.833 

Exported — 
as block tin . | 

i 

10,404! 

5,o8q 

1 :.:J 

4.3^9 

’ 

4-777 

3.415 

as tm m ore . 

3 «/>i 7 ; 

45-<^37 


42.3971 

39,''>93 

34.418 

Total value £ 

9 , 803 ,() 94 ; 

9.7^2,598 


; 7 .i 7^''»54 

! 7,. 52 6. 5 ^ 6 ' 

I 

8,480,610 


..V These export figures do not give a true idea of the relative 
production of tin in the four States, owing to a certain amount 
of inter-State trade in the ore. Thus a considerable proportion, 
of the ore raised in Negri Scmbilan is included in the exports 
•sfrom Selangor. Allowing for such inter-State trade, the 
^^timated production of tin for each State in 1917 is as^ 

lloUows 
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Table 21 

Tons (2,2401b.) 

Negri Scmbilan 1,038 

Fahang 3^691 

F(Tak 24.678 

^t'langor 10.426 

Total . . 39,833 


The decTi'ase in ihc (“X[)orts, wliieh has become more pro- 
noimcecl in (in li year since Kjrj, m:iy be in pait accounted 
for by the war Anotln r and more peimanent ri'ason is that 
a large numbe r of ( hinrse eoolies have left the tin mines to 
take up work on lh<‘ rubber estates, whilst otlun s liave migrated 
to I\(‘dali and Siam II is ])robable too that the area of rich 
liri-beaiing ground suit.ibh* for ( iniu‘se inetliods of working 
is becoming lediaa-d ; and the' capital mxessaiy for modern 
hydraulic opei.itious has, like tlu' labour, been diverted to 
rubber plantations 

A bri('f account of the geology and gt'ueral mining conditions 
of the Malay' Peninsula will b(‘ giva'u, Ixdoie ih'aling witli the 
four States s( paiutely I lu' Mam K’ange, which tonus the 
principal wateishi'd of tin' Peninsula, consists of granite 
appaieutly' cd iMe->o/nie age On tlu* west side of the Main 
Rangi' olfslioots of the gianitr form hills m Prov’ince W cllcsley 
and l*(‘naug, in tin* Idndings, to tin' east of the Larut 
district, and in iht' Kledang Range in l^'Iak. The oldest 
sediuK'iUaiy' rock abo\e ilu' gi anile n a crystalline limestone ; 
then follow in n[)waitl succession clay's, sliales, quartzites and 
congloinetates t>t (loiidwana (Peamo-(airboniferous) age, and 
finally recA nt alluvium All tlu'se roiks contain tinstone, either 
detrital or de{)osited m them by pneumatolytic action at the 
time of the gianite intiusion. An interesting series of stan- 
niferous clays and bouldei clay's is believed byst Mr. J. B. 
Scrivenor, the (loxeinment Geologist, to be a glacial deposit of 
Gondwana age, and to contain detiital tinstone. This theory 
requires an earlier ]meumatolytic phase than that connected 
with the Mesozoic granite. Many miners and others prefer the 
old view' that the clays and boidder clays (the Gopeng Beds 
of Scrivenor) aie really recent alluvial deposits or alteration 
products. 

In l\diang, the eastern foothills of the Main RangO are 
formed of quartzites, conglomerates and shales. Further to , 
the east lies the Benom Range, which is composed of 
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blende granite, and still further cast is a broad belt of the 
Gondwana rocks, together with rocks of volcanic origin. 

The powerful action of the ground-water, under tropical 
conditions, reduces liard rocks to a soft condition lor a con- 
siderable depth below the surface. In this way what were 
once quartzites, phyllites or granites may now be easily cut 
by hand, or washed away by a monitor , ami Ilnur ore content, 
which might otherwise have been unobtainable except at 
prohibitive cost, can bo wtui at ccunparatively litll(' e.xpeiise. 
Consequently alluvial nu'thods of woiking aie widely tiuj)loyed 
on deposits other than alluvium J.ode mining in haul rocks 
furnishes only a small, though meuM“'mg, ])ioi)oition of the 
ore won. 

Associated with detrital tin oi<' in the eimle concentrates 
there are other heavy minerals, iin luding ilmeniie. magnetite, 
wolframite, ziicon. rutile, garnet, tommahne, topaz, eoiundum, 
rnonazite, xeiiotime, andalusib', tiemohte, liamatiu*, hmonite, 
pyrite, arsenopynte, clialvbite, analase, biookite, scheelite, 
galena, native copper, e.ulumbile, and sliuverite I he heavy 
minerals hdt after the removal of the (assitt'iile constitute 
what is known as Several samples of .luiangs, and of 

minernls isolated from tln'in. have be(m (Examined at tlic 
Imperial Institute (see I)u!l hup Inst , ipob, 4 , joi ; 1908, 
6,153; 1911,9, )5t; ami lobb 11. ^ r.) 

Chinese miners weie tin' pioneers of t)io .MaLiy tin industry, 
and about 75 per cent, of tin’ 01 e still eoim s fiom mines owned 
and managed by ( liimse Their methods vaiy at couiing to 
circumstances, lii tlie granite tin y burrow beiieatli the mas6i:s 
of re.sidual boulders in the valh'ys for tin* pay-dirt (karcin^) 
which lies below. Patches of lllll-^ld^• diift are hoed into a 
ground-sluice or tampan. On huger propiu ties the deposit is 
worked opencast (Inniboni^), and the kayany^ ise.unecl in baskets 
to the sluice boxes. i\Iining bv shalt and gallei ies b S('mctimes 
adopted. In many cases, after the ( liinese havi- thus picked 
out the eyes, the deposit may still In' j>rolitably worked by 
hydraulic means, (iravel-pump dredges h.ive proved as suc- 
cessful here as in Australia, particulai ly in the western Slates, 
which are more developed and In'tter jutAuded with roads 
than is Pahang, 

The ore smelted locally is treated in small ( liinosc furnaces, 
about 4 feet high and 2 feet in diameter. 1 hey are built of 
day and held together by iron bands, while a piston worked 
by hand in a hollow tree-trunk supplies the blast. \Vood and 
chaf^oal are used, but no flux. 
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Tin mining is somewhat heavily taxed by means of an 
export duty on tin and tin ore. The duty is on a sliding scale, 
and varies witii the price of tin. With tin at £150 a ton it 
works out at about per cent, of the value of the tin content, 
which wiis taken to be 70 per cent, of the weight of the ore 
until 1917, when the percentage was raised to 72 for purposes 
of assessment. A K'lxiti* is allciwed in the case of ore from 
' loof which reciuire blasting or ciiishing. An additional and 
prohibitive duty of $jo per pikul (£58 i6s. per ton) is charged 
on any ori' e.vpoi ted without a guarantee that it will be smelted 
m the Stiaits SettK'iiK'iUs, the United Kingdom, or Australia. 
Ihe tin duty is an mipoitaiit source of revenue to the Govern- 
ment, and amounted to / 1,265,8.1.7 in tlie record year 1912. 

Negri Semhilan — In Jelebu tliriM' lodes are worked at Titi. 
Hydraulic methods were employed till rec(‘iitly, when difficulties 
in regard to the disposil of tailings led to tlnur temporary 
abarKloninent. In this mine, as m many others in Negri 
Senibilan, a mi.xed cassiteiite and wolframite concentrate is 
obtained, and Uie minerals an* sejiaraled electro-magnetically. 
In 191^ the mine yiekled .|(),| tons of tin ore and 95 tons of 
,woIliani oie. 1 Ik' Iriang and the luaiaboi rivers also yield 
tin ore. ^ 

In the iirnglibourluxul of Siaemban deromposed pegmatites 
with starmifeioiis (piartz veinkts aia^ worked by hydraulic 
methods luiala I'llali, Faiuai, Rasa, (diukong. Gebok and 
i..<ukut may also bi' mentioned. 

cuuiitry to the oast of the Main Range is 
not so iidi 111 tin on* as that to the west. There are, however, 
aiiuvial workings near the western boundary of Pahang (Ben- 
tong. bias, Madii), and also in the east, in the Blat (Belat) 
valley in the Ivuantan distiict. Lode mining is carried on near 
tJie head waiters of llu* Ivuantan river. 

The Machi tin tiekl lii‘s to the south of Bentong. The 
. deposit is alluvuil, and geiieially not mure than 12 feet thick* 
ihe cassiteiite is angular and varies so much in grain tliat a ^ 
laige proportion is lost by tln^ crude Chinese method of dressing « 
It. Small lodes exist in the locality. One of these was found e 
to contain quartz, yellow garnet, cassiteiite, zinc-blende, 
arsenopynte, and pyroxene. 

The alluvial Hats at Bentong have been w'orked for tin, hut ^ 
at present the work is conlined to the higher valleys of tbe 
Mam Range, on the boundary of Pahang and Selangor. Iii 1 
these localities the cost of transport is a very serious matter, .. 
^II supplies and ore having to be carried by coolies for long 
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distances over rough jungle paths. The workings are in shallow 
alluvium and decomposed granite. In the Chincluu^g valley 
boulders of a rock composed of quartz, topaz and cassiterite 
have been found and traced to the parent rock. In the Ulu 
of the Konong angular cassitcute of vaiying giain-size is won, 
and near Bukit Fraser stannifeioiis granite and pegmatite occur. 
On Gunong Gapis, above Tras, a soft granitic rock is sluiced 
for cassiterite. A small lode on the (iau stream, traversing 
Gondwana bods, contains cassitcute associated with pyrite, 
chalcopyrite, bornitc, aisenopyritc, /me- blende, chalybitc, 
calcite, quartz and garnet. Ilie luang and Tnang valleys 
also contain stannifeioiis alhiviiiin. 

There are aho alluvial workings on the 1 >lat i a tributary 
of the Kuan tan. 

The lodes on the Sungei Lembing, another tiibutaiy of the 
Kuantan, run east and west, and au- fiom 2 to lo ha t wide. 
The countiy rock F an altered sediment ovei lying granite, 
and the geological conditions rest inbh* tliosi' of (.ornwall. The 
lodes carry workable aiiiounts of coppia as well as tin, especially 
in their upper pfu tions. 

Perak. — The Kiiita district is the most iinpoitant tin-mining 
region in the Malay IVninsula. ( ryslallmt^ hniestom* underlies 
the wide valley through whicli the Kinta rivei Hows. It is 
covered in pait by clays ami boiihh'i-clays (Gojx ng F>eds) of 
supposed C/ondwana age. 'i he otln r (.lomlwana rocks are 
mostly shales and quartzites. Idiiili-blot ks <>{ the lirm'.stonc 
form precipitous hills riung above these youngar beds. 7'hc 
valley is Hanked by the giaiiile of the Mam Range on the east, 
and by that of the Kledang Range on the west. The intrusion 
of this granite, which is evidently youngi'r than the (ioiidwana 
rocks, was accompanied by pneiiniatolitic action and tln^ for- 
mation of tin-bearing veins. Ihit tlie Ixnildei-clays contain 
detrital cassiterite which cannot, if they are Gondwana beds, 
be derived from the Mesozoic granites of tlu* Main and Kledang 
ranges, but must be attributed to some carlKU' stanniferous 
intrusion. Bouldcis of touinialimx oiundum rock occur in 
these beds. The recent deposits include sand with seams of 
lignite, and stanniferous alluvium and cave deposits. Even 
'the soil is stanniferous. 

The principal mining areas in tho Kinta District are as 
follows, beginning in the south-east, proceeding northward 
;^ong the east side of the valky, and returning southward 
along the west side : — 

Kampar . — In this district clays overlying limestone are 
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worked in the low-lying country, while shallow alluvial deposits ' 
on the granite slopes of Biijang Malaka have also yielded ore. 
In the Ulii of the I^etai a pipe containing felspar, tourmaline, 
cassiteritt' ;uk 1 metallic sulphides was found in a tourmaline- 
hdspar country lax k. The pipe was at first only slightly in- 
clined to the hon/()Ut;il, and nieasurt'd about 8 feet by 13 feet. 
The ore i'^ said to have yielded s per cent, black tin, and about 
1,000 pikuls (()o tons) wi re won from it. The apparent absence 
of quait/ and th(' (lesliiiess of the fels]>ai are peculiar features 
of this occurrt'iua'. 

Malini .Wia’uy -Ibat' sandy "'oil lesting on limestone is 
washed for casNitinte. It <i[)pears to he the coarser residue 
of (ioiulwaiui clays 

Snu^ci Si/utl. 1 his village is situated on the Depang river 
south of the liiiu'slone mass of (iuuoiig Tempiirong. In 
Jehosapliat's ( | esopluit's) Wilfi y an old fault-lissure has been 
filled with detiilal (|u,iil/. toiuiiialiiK', iron oia's, topaz and 
cassitt'i it<', and subseipieiitly ci nienti'd with irori-staincd calcite 
to form a 1 nli " \ ein ’’ about ) feet wide A largo cave in the 
ntughboui hood is aKo known to conUiin detrital tin ore. 

(iof^cn!^ -'I his area in('lud<'S the ('io]}e]ig, New Gopeng, Ulu 
(/openg, Kinta Tin. '1 ekka. and Snngei Kaia mines. On 
many of llu'-e piopeiti('s liydranlic' op(*rations are conducted 
on a larg(' sc'afi', the iiioiiitois riiiioving clays and boulder- 
clays. [iliyllites, (juait/ites and giaiiit(’. 

Px/ao— -Most of tlie tin 01 e of this fii'ld has been obtained 
from clays and boiildei -clays, though it also occurs in the 
gninite and m eav('s 111 the limestone. 

Ulu Uiah, ■ -'I'his nniu' is situated near Anipang on a patch 
of the elay beds faulted down betwt'on the granite and the 
limestone 

I'iDubuii — In both theTambiin and New Tambun mines the 
clay<, which .ire practieally free from boulders, arc dug by 
hand and puddU-d to separate the tin ore. 

T(nijon<( Iu!fubiiliin. —\[vY{.\ not far from the northern boun- 
dary of th(' Kinta district, there are two mines — the Rambutan 
and the Kinta Association. In the latter the clays are remark- 
able for the number of lai go quartz boulders they contain. 

Mcnglembn. — On the west side of the Kinta valley, neaf . 
Menglombu village, a number of oie-bodies have been found - 
in the giauite ot the Kledang Range. Some of these aife 
ordinary veins, while others may be described as pipes. To’ 
the former class belongs the lode on Bukit Kambing, which ^ 
trends N.E. and S.W., and has a hade of 32°. The width oT ! 
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the portion worked was 4 feet, and the averi^i^e yield of ore 
6 per cent, V^'ork was abandonotl when the yield fell to about 
2 per cent, black tin. Several other lodes are known ; they 
have a similar strike' to the Bukit Kambing lode, and like it 
are associated witli fairly fresh felspar and much toiiimaline. 
Fluorspar is sometimes presi'iit. 

The pipe-like uccurience ib bcui in the workings of the 
Menglernbu Lod(i Syndicate. Meie the granite ib strongly 
jointed and contains in plareb mimi'roiis minute veins of 
cassiterite set close together. Their general direction is 
20® E. of N., cutting the j<uiUs <it an angle of abuiit The 
vcinlets together compose ore-bodies which, though very 
irregular, average about ()0 h'l t by 20 h'ei iu liori/oiital dimen- 
sions, while one of tlu'iu h.is bi'cn folli»\\ed down tbi 500 feet. 

Penhilun . — ^Tlirce largt' excavations ari' woikcd to the north 
of Lahat. 'I'liey are all m the (iomlwaiia clays In No. 2 a 
fault with a throw of about 20 fei't has been c\p(^sed in the 
limestone flooi, while in No. j small bodies of ore occur in the 
limestone itself, and the remains of otlu'rs on its irri'gular 
surface. 

Lahat . — >Tn this gn'at open-cast mine, stiff him.' clays of 
Gondwana age uverhe staimifuous gr.unte winch rises to the 
west, and are tlnsnselva's covered by l)»'(ls of sand and clay 
with seams nf lignite. Thi'se u'cent deposits are a more im- 
portant soiiica' of tin ore than the (loiulwana (iays themselves. 

Rotan Daluni — Here angular tin (jie is distnhnted tlirongh- 
out a sciies of (iay--, 140 feet thick m plua's. 

RedJnlh and Lama. Moth these niim's an' in red 

clays and bonldei-clays with abundant boulders of tourrnalinc- 
corundum rock, and in both tin-bcaiing veins have been found 
in addition to detntal tm cue. 

Fusing Bharu . — Here also tin? toui maline-coiundnm rock is 
abundant in the bouldcr-ciays. i hese an' covi'ied by stanni- 
ferous sandy beds and lignite, iiie IiUK'stone Jlooi, by solution, 
gives rise to w'dl-rnai ked “ cups," which ar(' lined with (iond- 
wana boulder-clays and filled with sand and lignite. 

Sipuieh . — Here the “ cups ” are even better developed, and 
caused great trouble when the mim; wvis first opened. The 
; rare occurrence of a tourmaline vein in limestone has been 
noticed here. 

Tronoh / — A large open-cast mine was formerly worked by a 
system of shafts and galleries in the so-called “ Tronoh deep- 
lead." This is really a huge trough or elongated cup in the 
limestone, filled with Gondwana clays below and sands and 
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ligpite above* The western boundary is a reversed fault which 
brings down Gondwana quartzites and shales, 

Tanjon^ T oh A Hang . — country here consists of quartzites, 
shales and tourmaline' schists. The most prosperous mines 
in the vicinity of kaolinised granite intrusions. 
lin Grain Limestone —The deposit., of non-detritalcassiteritq 
in limestone may conveniently be describt'd together. They; 
occur in the form of veins and pipes, tlie latter being as a rule 
the more valuable \'eins have been found at Siak, near 
Siputeh ; at Ayer 1 )angsang, near Lahat, where a pipe opened 
out into a vein in dej)th , and at Penkalan No. 3 mine, where 
several small stringias hav«' b»‘en not('d A larger ore-body 
at this locality contairu'd calcite, cas^it('rite, chalcopyrite^ 
bornite, pyrite, aisenopyrite, treniolite, green tliioritc and a 
little quartz None ot these veins liave })roved worth following 
up, but in two cMses they gave rise to rich jratches of ore owing 
to the solution of the linu'stone. 

Pipes have been found at Lahat, Ayer Dangsang, Menglembu, 
and (.diangkat Pai i I hey aie loughly ellijitical in section and, 
m the last ihu'e localities, au' composed of numerous small 
veins, 1 lie gangue is maiidy caleitt', though quartz occurs 
also, and the casNiteiite is iissociated with pyiite, arsenopyrite, 
chalcopyriU', boiriite ,»nd antimonitt*. Iduorite and treniolite 
are common, but tounualine is lare. The Lahat pipe had a 
similar origin, but the' c.deite had been dissoIvi*d and the 
sulphides oxidisi'd by desi'endiug waters. 

I he Larut distiirt, to tin' north-w est of the Kinta district, 
is another important tin aiea din; country round Taiping 
IS an alluvial flat, rich in cassiterite. bounded on the cast by 
the granite hills of tin' 1 aiping range, and on the west by the 
quaitzite Seinanggol Range, Lode mining has been carried 
on at Selama and Hlanda Mabok, the lode at the latter place 
yielding also aigeutiL'ious galena and gold. 

In the Intan fu’Id, I jqH r Perak, a lode on Gunong Paku is 
being mined. 

At Bruseh, in the south of l^orak, a stockwork of tin- bearing ^ 
Veins in schist is worko'd betw ecu the Pinang and Durian rivers. 
The veins, the average thickness of wdiicli is about i inch, 
are numerous, and generally rich in tourmaline. • A little . 
wolframite is found I ho decomposed schist is worked by 
monitors, aided by explnsives, the average yield being about' 
i kati per cubic yard (i kati = i -3 lb ). ,,,, 

Near Tanjoiig Malim, in the north of SdangOfoLA 
there are numerous veins of quartz containing coarse cassitei;ite.i:i' 
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traversing soft sandstone and shale. Kaluinpang and the 
beungor. river produce considerable amounts of ore. 

, Fartlicr soutli, at Serendah, dccoinp*)hed gi anite was recently 
worked by monitors on tlie sitv of old Luupcfns, but is now 
worked on tribute. Tlie granite is travel mxI by veins of quartz 
and^ of grcisen, both carrying cassitci ite. 

Kuala Lumpur is the centn' of tlie most iinpoitant mining 
district in Selangor. At Salak South a pegmatite lich in tin 
IS worked. Ihe Sungm P>esi oceiuTence, like that at 'I'ronoh 
consists of unusually rich deposits occupying a great cavity 
^ the junction of limestone and gianiiic locks. Rawang 
Kepong, Setapak, Aiiipaug aiul ^rrdang aie producing 
localities m this (list rid. ^ 


UNnu)KKA'n;t) Malay Si alls. -T Ik- UntcdL-iaU-ii Malay 
btates under British pnd(‘Ction possess tin dtposits, though 
apparently to a less extent than the hederated State's. The 
relative smallness of their output, howe ver, is due' in part to 
the primitive, small-.scale ojx-ratiuns of the Malay and Cliinese 
miners. Luropean methods are adojited in only a few 
instances, and dilhculties of transport further limit the 
development of many of the dej)osits. The export of tin ore 
m recent years is given below 
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Exports of Tm Ore from the Unfcdcratcd Malay States 


In tons (.-,240 lb ) 
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1 3.272 
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43 ^ 

' Total . 

1.753 

1.77^ 

2.279 

4 . M 4 

4.771 

4.375 


. up to 1914 Kota Tinggi pioduci-d most of tho ore 

3 ^ this State, smaller amounts coming from Muar and Batu 
Pahat. In 19151 however, a new tin field on the east coast 
was opened, and produced 2,015 tons of ore, against 827 tons 
from Kota Tinggi. 1 he new field appears to extend from the 
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Jemaluang, near Mersing, to tiic Sedili, and the quality of the 
ore is equal to that from the Kota Tinggi field. , ’ 

Kedah . — ^Thcrearc four mining districts in Kedah, viz. Kuala ^ 
Muda, Kuliin, Krian and Kubang Pasn. The greater part of 
the tin exported from Kuala iMiida di<tiict is won in alluvial 
workings near the town of SeJiiiling, on the Alerbuk river, at 
the foot of the southein slupi- of Kedah Peak. A rich deposit , 
of mixed tin and tungsten oie lias been drscovered recently 
near the village of Changloon in Sungei Sintok. 

Kelantan. - -T\\\ ou' has In-eii \\<uked on a small scale at 
Bukit Vong, Pnlaii ( hondong and on tla^ Nenggiri, but, as 
the British Advist i says in his Adiuini^tiatioii Report for 1914, 

" serious mining ha^ <il presi nt no e.xistenee in Kelantan.” 
(lood tin deposits have been n poitt'd fiom time to time in 
Uhl Kelantan and ePewKere, and transport difiiculties are 
partly responsible (oi tlu lark ot develojnnent. 

Perlih.-Aw the State of I’eili-. whuh ht‘s to the north of 
Kedah, cassiteiile is won lioni e.ivi's and underground streams 
in the limestone* hills on the Setul bolder. Some of these 
underground workings e.xtend loi a distance of lour or five 
miles. 

In many cases woik can only be eanied on during dry 
seasons, or after punijm.g. The lin-lx'aiing deposits in the 
caverns are not extensive , pio>.peeting is diflieult. cost of 
transpoit is very high, and large-sude operations aie extremely 
risky, though tin* ('hinese ininei with a small capital wall often 
do well. In one instance a gnu el pump and steam plant were 
installed to w’ork an iindei ground strv am, w ith ([uite inadequate 
results, 'ihe cassiteiite is usually \ery liiu'-graincd, and the 
cave deposits are in .some c.isc^ ceim*nte(l by o.xide of iron, 
necessitating crushing. Some dangi'r to the paddy fields in 
time of Hood has been antieijxiU'd from the tailings, where 
these accumulate in Luge quantities. 

Trengganu . — In Keniainan, in the south of Trengganu, lode 
mining is carried on at Bundi and Sungei Ayam. The bulk 
of the ore produced comes from these mines, both of which 
arc under luiiopean management. 

The Bundi deposit consists ol soft clayey and sandy material^,. ' 
with masses ut quartz, sulphides and iron oxides, bebveeit! 
W'alls of hard granite. Tlie longili is 1,575 feet and the greatesff ,,' 
breadth 120 feet, and the bottom has been reached only at vj 
Glen Reef, the most noitherly working. The cassiterite occurs ' 
in the soft clay and in the ironstone, in the form of slender; ^ 
pale yellow needles, sometimes lonuing spongy masses. 
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. The Siingei Ayain lode is from 2 to j feet wide. It is very 
, flafr and is mined by a succession of sli.dlow stt>pc-drivcs, 

Sungei Sendok, Suiigoi Paka, and Sungei Kajaiig also produce 
^ some tin. On the Dung.in river volfrainiio and a little cassi- 
. ■ teritearewon. At HukitTawang. at the head of tlieTrongganu 
river, an attempt at hydraulic mining proved unsuccessful. 

Straits Sli ilj-MI'. n i In- ^tiaits Seiilements are small 
in area and only MaLuea ])nidu(<^s an\' tin ore j-Jut they 
possess the largest tin-'^nn lting ^oid relining indiisiry in the 
\\orId, ^\hic]l IS divudtsl httween 'tii'e aiul Pi'iiang. The 

states of the Malay IN-nnnula an natiualK’ tile M)uu'e of the 
greater part of the oie Minlted. but ^lam.' the i>nteh Indies, 
Australia, Scnitli Aftua, i'iuiiiia, and ewn Atiska send tin ore 
to the Straits for >iu(dtingn \ ( (aiain ainouiit ol iiude tin is 
also received and relhied. 

I he niagiiitiule (T tin* iiuliNtr\' i- indifatid in tin following 
tables. 1 able 2 j shows the souk^ tlh- tm ore and nietnllic 
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I mports of 1 in Ore into the Straits Settlements 

(Pikuls of i33i lb ) 
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Table 26 

Exports of Tin from the Straits Settlement 


SOURCES OF SUPPLY OF TIN ORES' 



Including 3.614 pikul^ to Denmark. 
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tin received at Singapore and Penang in a 1y])ical year. 1014, 
while Tables 24 and 25 show the iinpoit< fnnn u)ro tu 1917 
in a more generalised form. The increase in the imports from 
the Dutch Last Indies in 1915 diu' to the war and the 
Allied blockade of Geimany. lable 26 gives the distribution 
of Straits tin in the saint* yt'ais, aiui ^liows ene t'fft'ct of war 
conditions in the inert'ast* in sliijnnents dm it to the Unitt-'d 
States, Russia, and other ('ountn^s. instead nf via IGigland. 
The increased oxj^ort to (nimany in the t'.iilv' part t»f 1914 
is noteworthy. 

Malacca —I he tin ore ex])('rttd foan Malaeea in tin* years 
1912-1917 anitninted to ii. 15, o, S7. .ind lo long tons 
respectively. 

On the coast of Malaci.i, foi somt (h-taiue south of Kuala 
Linggi, the sand and mud hihav liigli-lnk inaik have been 
washed for tin. i hi* sonn e of thi' nmniiil is a schist with 
numerous quartz viinlcts carrying < assiicj in* The schist over- 
lies granite, and forms the sin uv 1 ( a soim* d 1 >1.1111 e, I Ids schist 
has been mined, but mo-i id ilu- tin pi-.duM'd m Malacca has. 
come from the beacli di posits. wIuk tin* niateiial lias been 
disintegrated and i:um ontialed by tlie waves 

At Cliin-( lull sonic tinstone h.is bi on obt.uin'd from the soil, 
but feiruginous cement inteifcn • with h\(iK.nhc ojieialions, 

Ai ri» a 

Gold (oasi. — Stioam tin has Ins 11 h nini in small [)atches 
of gravel in tjie W inm bah disirict. I mstom^ also occurs on 
the surface and in pegmatite-gu ism dvkes iu tlie Mankofa 
depression and on Mount Maid^wadi, m the saim* district. 

Nigeria. — Bi-fori the eonimg »T l-anojitans, tm was pro- 
duced in Bauchi by the natives, who w.islud ilu* liver gravels 
in calabashes and obtained maise black tin with 60 to 65 per 
cent, of the metal. I lie smelting was a f.iniily secret. Small 
blast furnaces, ] feel b inches m diann ter, were iisi'd, with 
charcoal fuel and a blast siipjilied by primitive billows of 
sheepskin. The metal was cast in tlie loriii of thin rods about 
j inch in diameter and 12 inches long; it contained about 
99 ’4 per cent. tin. There is little doubt that the metallic tin 
found in the gravels was smelted by tlu*. natives. 

On the subjugation of the hostile Kmir of Bauchi in 1902, 
the alluvial deposits of the Delimi river at Naraguta became 
known, and were worked lirst by tlie Niger Company. Be- 
tween 1904 and 1909 the w'ork of the Mineral Survey of , 
Northern Nigeria, in conjunction with the Imperial Institute, 
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showed the presence of cassiterite in the stream gravels of ^ 
many localities, but it was not till 1909 and 1910 that a number 
of companies were formed for the purpose of winning tin in 
Nigeria. The former inaccessibility of the field has been 
removed by the construction of a railway betw'ecn Naraguta 
and Zaria, where it connects with the Baro-Kano line. An 
extension to Jos and Bnkiiru was opened in 1914. 

Table 27 sliows th(‘ output and (‘xports of ore and tin from 
Nigeria. Practically the whole amount w^as sent to the United 
Kingdom, as is shown in Table 28. 


Table 27 

Output and Exports from Nigeria 


\ In tons (2.240 lb ) 


Year. 

Output 


Exports. 


Ore 

Ore 

Metal. 

Value (jO- 

1904 . 


— 





19^5 • 

i 

— 

— 

— 

1906 . 

1 1 

— ■ 

— 

— 

1907 . 

175 

21 

133 

25.265 

J9O8 

.S ' 4 

yo 

17 

80,799 

1909 . 


209 

39 

42,141 

19X0 . 

771 

692 

31 

77.310 

I9II . 

1.470 

1.530 

— 

15^759 

1912 

! 2.SSO 

^503 

— 

336,330 

1913 . 

1 5 .UI 

4.^94 


568,428 

J9I4 • 

: b.143 

6.175 

— 

706,988 

1915 . 

! b,9io 

6.535 

— 

723.480 

1916 . 

S,222 

7.'^54 

— 

859.603 

1917 • 

5.314 

9,906 

— 

1.485,887 

Total . 

41.005 

39.755 

222 

5,087.990 


Table 28 


Exports of Tin Ore and Tin from Nigeria, 1910-1917 

In tons (2,240 lb.) 


CoUTitriei to which 
Kxporte^i 

1910 j 

IQIt. 

1912. 

1913- 

T9I4. 

1915. 

i 1916. 

1917. 

Utiited Kingdom, ore 

M tm 

Germany . ore 
. tm 

:6Sc)’ii j 

3072 

3 ’ 8 t) 

o’05 

1.529-35 

0-25 

2,802-64 

0-36 

4,19372 

1 2-17 

0*04 

6,175 

6,535 

7,054 

9^966 

Total . ore 

. . tin 

Value . £ 

692 

3077 

77,310 

1,529-60 

181,759 

2,803-00 

j 336,330 1 

4,19376 

2-17 

368,428 

6,175 

706,988 

6,535 

723,480 

7,054 

859,603 

9,^, 
X, 403 , 66 ;, 
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The chief source of the tin is the river gravels and alluvial 
flats in the iieighbourliood of Naraguta. Ngell, Rukui*u, Forum, 
l?opp, etc., on the Hauchi plateau. The plateau has an ele- 
. vation of three, or four thousand feet, and the climate is con- 
sequently much healthier than in most parts of West Africa. 
Here in tlie ancient crystalline iock> is an extensive intrusion 
. of soda granite, with pegmatite dykes and vein^' of quartz and 
tourmaline, and from tht'se soiirees tin' stieam iin was (ieriv’ed. 
Near Ngell the granite contains c.is-it.iite associated with 
pyxite, chalcopyrite. tetialiedrite. /inc-blende, galena and 
sometimes wolframitta The conec'ntrates from tht‘ alluvial 
deposits often contain rnudi ilmeniie, as well as zircon, garnet 
and monazite. Rolkai fiagnu nls of lojiiiz au‘ also ccanmon. 

In the upper portions of the streams the patches of tin-bearing 
gravel held up by bars of hard ro('k are usually so small that 
they are left to native Inbutcas to woik 1 lie middle courses 
have more extensive aiiMs yielding tinstone bemaith lo to 
30 feet or more of barren oveibuKhn, and here hydraulic 
methods are profilablv empknvd. 'I'ln* tin usually occurs close 
to the bedrock, but there are sometimes two or more tin-bearing 
layers. The overbiirch'n is often baked hard in the dry season, 
and black powdt r has bicn used in j)laces to break it up. 
In the low'er sections of the valleys tin* deposits near the 
present streams frequently yield litth* <>r no tin, and systematic 
prospecting by boreholes is requiiaal to determine the position 
of the old stream cliannel with its tm-be.iring gravel, which 
may lie beneath a cover 100 h^ t de^'p or more. Tiie work 
of lifting the ovoiburdi'ii and tin-gravel in these thick dcjiosils 
will prove very costly if coal or cnidt' oil is used to operate 
the gravel pumps, and it has recently boon proposed to utilise 
the water-power of the Kwall Falls, where the Ngell River 
drops 800 feet over the edge of the plateau. 

In addition to this central and highly important field of the 
Bauchi plateau, tinstone occurs in many other parts of the 
Northern Provinces, as in the Ningi and Jbirra hills in Bauchi, 
in the neighbourhood of Gadama and I-agam on the borders 
of Bauchi and Kano, around Jemaa, Amaii, Gantam and Aribi 
ih the north of Nassarawa, on the V«jre hills in Yola and the 
i^Shebshi hills in southern Miiri, and near Eri in eastern Ilorin, 
'Where it occurs in pegmatites carrying quartz and muscovite 
i,but no tourmaline. 

‘ In the Southern Provinces, the work of the Mineral Survey 
Qf Southern Nigeria showed the presence of cassiterite in the 
»nds of many streams. The most notable occurrences observed 
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ate those near Akwa-lbanii, in the Uwet district, where the 
proportion of cassiterite in ttu* stn^ani bods was found to be 
from 2 to 5*2 lb. per t<jn, with an average of 3 lb. per ton. 
There m'us a small output of 35 torii) of tin ore in the Calabar 
Province in loib 

Nyasaiaxi).-' A frw of the concentrates from river sands 
cxamiiK'd at tin- Imptrial Institute in connection with the 
Mineral Snrva y of Nyas.iland were found to contain small 
amounts of casnteiitr, l)ut no d('{)o^lt'^ ot economic importance 
arc known in the Protectorate. 

RiiODi'SiA.- -Promising dejiosits oi tinstone occur in the 
Enterprise distrif t, east of S.Lli^buty, and farther south in the 
Ndanga disti ict, ;o or .|o miles ea^t <)f\d(dona. In both locali- 
ties the on: occnis in [>egmatite dykes, vshicli arc more or less 
greisenised and travaasr ancient sildsto'-e rocks in the neigh- 
bourhood of granit(‘ I.itliia-niKM, l('i>idolit(', is abundant in 
the tin-lx-aring dykt‘s, ,uid. with its striking purple colour, 
forms a ust'ful indicatoi 'Die (assiu-iiu' patchy in its dis- 
tribution ; it i^ dull bku'k in eoloui and, in tin* Victoria field, 
shows unusual cn'sKilline foinis of Pmtali, alluvial tin 

isro])orted in tlnOdzi Kcsci \-e and along 1 Ik' T siingwesi River, 
and the lithia greisnnsof tin' former locality yield tin, tungsten 
and tantalum miruMals In the Ilaitley district near the 
Umniati River, cassiteiitc cucurs with copper ore in chlorite 
schist, and tm-beai ing pegniatit(' dykes an' known in the Mazoe 
and Sluimva disti lets No tin-beaiing alluvial deposits have 
been discov('iod. though tliere ate considerable amounts of 
shed tin in the viemity of the dykes Some development work 
has been clone on tlu' more piomising lodi'S in these districts 
since the fust diseovtay of tinstone in icjo8, and 9 short tons 
of ore was exported in 1915. while the v^eerctary for Mines 
ropcutsaii output (d shoit tons oi tin frcmi the Victoria 
distrii. I in i()i(). The high wot king costs art' a serious obstacle 
to the successful extraction of tin ore in Rhodesia. 

Union or Soorn Ai kica (lor South-West Africa see p. 92). 
— ^I'he chief till-mining districts in South Africa are the Waters 
berg area, in the western Tiansvaal, and Swaziland (p. 55). 
The Cape Provmci' also produces a litlh* tin, the total outputs 
from 1906 to the end of 1017 being valued at £49,817, agaiusU, 
a value, of (3,22(1, 753 for the 1 ransvaal. 

There w as until recently no tin-smelting industry in South 
Africa, and the ore, wdiich was formerly exported to England^ 
was later sent almost entirely to the Straits Settlements, 

1917, however, smelting began at Zaaiplaats, and these works 
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Table 

Output oj Tin Ore in the 

In short Ions 
i i ISM ; 

Cape Province .1 — - j 714 
Transvjial . . j 1 

Total . tons j 1 I 

Value . 4 i 


29 

Union oj South ^ifrica 

lb ) 


T'U-J 

- M «5 j 

j<)i(> 1 \i)n 

•1 > 

i i 

I I'd 

.Si 1 j.S 

1 re 

1 U'lb 

1 

1 

t.lO) 

. a. Ml 1 

i je.( 1 .’,078 

[ i, e;i 

, MOM*' j 

M" ‘j/i 1 4 jO.oiO 


are expected to siipj)]v tie' whole nl the Siuitli A 1 ii<mii demand 
for tin. Theoulj)iit in 1917 was at llieiaU'of about 250 tons 
per aniuiin, most of w’hi<h was us('(l m the iihinnfoeture of 
white bearing metal foi tlieiailwa\> 1 )o]ag(/a l‘>a\ and 1 liirb.in 
are the chief diippmg ports lor ihr on*, and I abh' jo show's 
its destination. 


Tub/e go 

hxpOfts of I i)i On inon ihc Ujiuni uj Souih Afyiea 

I n a\(.rt t(-ns {.' < >. , . M) j 


Count rl<;M fn wliiOi . 

Kxi)oried. 


Straits Settle- I 
nicnts . 

Other countries i 


Value 


MO j 

1';' ‘ ' i')> < 

"JO ‘ l-il' 


1917. 

1 

1 

■M 1 ; I.- i<) 

r <0)1 IM'*:) 

y> 

30 


i.;'" ' 


^,501 

2,660 

S 

) 


^ ! 3 ' 1 



j } <n<^ 1 

I M -‘. 77 ‘> ' 


‘'. 5 S 7 

; ? ,690 

.M 1/"M !-’ 

! 

l<. u-igsi.-M 1 



'^«^743 

1 


'I if bit gl 

Imports of lin into the Union oj ><ouih Ajrica 
1)1 shnrt cut .'f»''lb) 


Cguntiiei whence 
' Imported. 

1910. 1911 


ivJj. ' 1914 

19*5 I'iif* 

1917. 

tFnit«i Kingdom . 
pther countries . 

1.314 1 ^ 3 ^ 

i It 2 

1 

1,30 

14 ' 

1,262 i 

O'- i 

1 , 177 ' i- 8 b 9 

20 , — - 

-, 7«5 

312 

Total . cwt. 
Value . / 

i 1,315 ' 

‘^, 3 M 

TMl 3 i 

I 2 .'*'''' 

1,271 , 1,391 ‘ I, 1.889 

I2,7'i7 10,294 ,1 J, i7<j 10,771 

3.<^»7 

358^74 
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South African imports of tin are given in Table 31. The 
country’s requirements arc small, and have hitherto been 
supplied almost (‘Utirely by the United Kingdom. Imports of 
tin plate fell fiom 4,458 tons in 1915 to 2^ tons in 1917, and 
the imports of tin manufactures vary in value between £30,000 
and 1^50,000 a yt'ar. 

CAPr: pROviN'cF.-— ('assiteiite occurs in several localities in 
the neighbourhood of ( aped ow n. The most important appears 
to be at Annex Langvei waeht, near Kuils River. Here it 
occurs dis^f'inirKitfd through a granite, and also in veins of 
quart/ and grriseii niar tlie junction of the granite with the 
Malmesbuiy ^l;lte'•;. \\ dlfriimite and tourmaline are associated 

with tlu' casbiti'rite, and considerable deposits of tin-bearing 
gravel hav(' been formed by tlie disintegralion of the rocks.' 
The tin ore piodnced in i<)i6 was all obtained from these gravels, 
wliih; a Cfu'tain amount of development work has been done 
oil th(‘ tin-beaiing lodes in tlu' neighbourhood. Stanniferouis 
quartz veins also occur at Vreddioek, at the iiorth-W'est end 
of the Tygvisb«u'g. and in otlici p]<ua's 

Natai . - - In the Unduli (in held, situated about eight miles 
east of Mi'lmoth in the lintonjaneni district of Zululand, a 
plateau of W’aterbeig sandstone lias befui cut through by the 
Umfuli river and its t^dbutary, tin' Ntunja. A small area of 
hoinblende-scliists of the Swaziland System has thus been 
exposed. Tlie sf'hists an' peinn'ated by numerous veins of 
pegmatite and aplile, and ca^siteiile of'curs in the pegmatites 
in association with niK'a, garnet, louimaline, quartz and 
felspar, 'Flie cassit('ni(‘ is sporadic in its distribution, and 
samples of the pegmatite assayed fiom a trace to 0*316 per 
cent, of metallic tm. Tiospecting m this district has so far ' 
met W'itli disappointing n'sults. ; , 

- Transvaal. -T he W'att'iberg tin fields in north-western 
Transvaal include the rotgieti'isiiist tin field (Zaaiplaats, ' 
Roodej)U(u t, (iioeiifonlf'in, Solomon s Temple, etc.), dhe 
Nylstroom tin iirld (l)ooriihoek, iuomkloof, VVelgcvonden), 
the Warmbaths tin held (Zwartklouf, Klaiidsfoiitein, Witfon- 
tein, etc.), and the Rooiberg tin held. All these localities, lie 
. on the eastern and southern margins of a geological basin, the 
central portion of which is composed of sandstones and' qofir 
glomerates of Upper Waterberg age. constituting the Waterbergf 
plateau. Below the escarpment of these beds is a belt ol 
Lower Whitorberg felsites with interbedded shales (and quart-T 
zites in the Rooiberg), overlying tlic Red Granite and ther 
Norite of the Bushveid Plutonic Complex. Beyond the out-'* 
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of these lie the Older Granite and the quartzites and 
dolomites of the Transvaal System. Fhese older rocks, how- 
ever, are unconnected with the source of the tinstone, and 
the same may bo said of the Karroo beds which overstep all 
these foiniations in the south-eastern pait of the district. 
The Red Gianite and the Ltjwor Wateibiic^ rocks are the 
important tin-bearing formations. In the IG'd (iranitc the 
cassiterite deposits occur (./) in the foim of roughly cylin- 
drical pipes; {h) associated with iiK'gulai bodu-. (d altered 
granite; (c) as iiK'gul.ir di^suniiiaiions m slightly aliened 
granite; (d) as iinpK'gnaiions along \s ('ll dcliiii d lines of 
fissure; (e) associated with |.eginatit<- and nn.iit/ veins. In 
the felsites, sliah'S and qnart/it» s of tin' Lower W aterheig the 
deposits are fonncl (c/j in litdes and inoio oi le'^s di iinite lines 
of lissuie, .small vein^, and h adeis. and {b) a^ niegnlar patches 
and pockets, (dlen ('omit. (,■(( d witli lis^nie^ tti ch teiiiuned by 
planes of stratification. Ancient workings, simhing places 
and ingots show that tin was extrac t< d in this district at some 
unknown peiiod in the ]»ast. 

The most important deposits in tl-c polgii'icrsnist tin heki 
are .situated on tin i.irnis Z,:,i ipknit s^ Kb ><»( k j)( k p ( ,| ( xTifontein 
and Solomon’s Temple, 'liny are disli ihnt. (i along a wxU- 
dciiniid z,<>ne in tin* Red (jiaiuto, wlin li .^iiilo ^ ni a nonh-west 
and south-east (iir<ciioii and cont inno', luio (o'o* ii\’l(T and 
Appingadam in one dirt‘ction and lg< \<»]i(icn, Wdgehgen, 
and Grootrivier in tlu' othei 1 his /one conns iijiiiicdiatc'Iy 
below a coarse pegmatite' i he usual type of deposit m this 
field is that of cassitei ite-lx'.iiing pi]>es, longlily riK.nl.ar in 
section, descending at vaiying anglrs into ilu- gmnite in a 
general north-westcily direction. 1 1n v.ny fioni a i^w inchi's 
to 20 feet in diam<dcr liny are V'ly eiratK in diiectioii 
and variable in coinpositioii, and in snjm* cases liave* bt*en 
followed through 3,000 feet e>f lainiln.alKai-.. Tin y usually 
occur in groups, and neighbouring pijx s may unite' eitlier at 
depth or near the' surface. I lie pipe s suinetinn - show an outer 
zone of tourmaline-quart/, roek, whicli is usually not more than 
a few inches thick. Tlie main mass ot tin* pipe varies from 
slightly altered granite to an apparently liomejgeneeuis greenish 
material, which sometimes becomes e xtremely hard threxigh 
^cOndary silicifi cation. In tlie smaller [>i[M'b the cassiteritei 
is fairly uniformly distribute eJ, but in tin* larger ernes it is 
generally more concentiated towards the periphery, and 
especially the lower portion, while in tlie central part it is 
less abundant or even absent. Cavities or vughs occur zn 
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settle ol the pipes ; they arc lined with quartz crystals an^ 
contain also fluorite, galena, zinoblendo, arsenopyrite and 
chalcopyrite. In addition to the pipes, several other types 
of ore body found, v)ine of whicli show a Hat and more 
or less lenticular fonii In one case there are several sheets 
of tin-bearing gianite parated by barren luck Fissure veins 
and irreguLii inasM'^ <.t aluied tin-btanng gianite also occur. 

'I he NyFlioom lin in Id is mui ilrd (»n the tarins Doorniioek, 
Kioniklool, aixl \\'( k’< v«‘ndt n, sonu si\tfen miles north-east of 
Nylslrooin lln pnii* i{»,il ihpouis .iie associaKal with the 
felsites and shal<-, d ihr ],()U(i \\,iteibug. 'riie main lode 
at Dooi nlioek < Ills Hi, lx .Idnig-plan^ ot t In' siiales obliiinely ; 
it aveiage"> iiu In s in widili, and is laigelv made up of 
brecciiiled and higlih aln !<'<l lianm'ius <d the country rock, 
with quait/, t'an iiialin. . /asutniit.- and ihioiite. A si'Cond 
lode tolluws one oj lin (.mimi IxnU in the slnih's, which also 
IS much alt<'i t «! and oi-Miaied In th*' niuiu'iliat* neighbour- 
hood of thcM' led, tin- ^hal. . sMnuinins sh,,\\ niinuto veins 
of cassitenle. \ -.lent di-lame b.-lnu tin base of the shales 
the iiudeJ lying Icl -iti s * ai i \ *asvjteiUn, asa k latcd with quartz 
aud hieniiitite, in small pocla is loan J inch to r| inches in 
diameter, wliilr otln i po( is < vuilain tfuiiiualine with quartz 

aud SCI U llK' mallei 

The \\'anul)a(ic« tin imld extimds fioin Zwaitkloof through 
J)roogoklool, IT.iiulsioiiii'in mil Newbury to W’itfontcin and 
thence noithwaid to Khenosteipooit , forming a narrow belt 
wliicli lollow> th(‘ jam lion the lelsiti?^ and the Red liranite. 
(.'assiterite occum ui both t\ jH‘-s ot loi k, and also iii detrital 
deposits Vt Zwaitklool the Ole bodus are somew'hat irregnlar 
and ilbdetiued , tiuw (Hcur in the giamte and are frrK]iiently 
associat' d with lua ^ses and veins of very coarse pegmatite 
and quart/. AlluMal and eluvial deposits occur on this farm. 
Oil IilaiulsfoiUeiu No ijSj, theie aio two main sets of fissures 
in the granite, and the me bodies associated with them vary 
in w'idth tiom a fi'w iinhies to a m* ; feet. Fissure lodes also 
occur ill till' lowei [)art ot the felsites On Witfontein No. 371 
the alluvial deposits have proved more important than the 
‘occunonci's in the gianito and fclsitc. All three ty'pes of 
deposit I'ccur also on hTaiulsfontein No. 2,149, small 
quantities ol tin liave been w'on troni the granite on Rhenostcr^ 
poort. 

The Rooiberg tin lield lies about 40 miles west of Wantt-' 
baths. The cassileiUe deposits, with the exception of one 
occurrence in the Red Granite, are all found in the Rooiberg, 
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quartzites, which, with the associated shales, are overlain 
with apparent conformity by the Lower W'aterberg felsites, 
while both types of rock are intruded by tlif‘ I'Jed tiranite. 
The workings are [)iineipally on the fainis (dieveubosch, 
Hartebeostfontein. \Ve\nek. OMag,c.di»ntein and Lec'uwpoort, 
and many of them are on the silc <*f aneient workings. The 
lodes in the quartzites eoineide wnh two main M'I-. of hssurcs, 
and there are also irregular pockets m the eountiy rock rich 
in tourmaline and cas->itente. Oilier imiuials fn^iiucntly 
present are quartz, caibonates of non aiul lime. fcKpar, 
fluorite, iKematite, P3'nte, clndeopyiiie and lioiniU'. Super- 
ficial deposits of lunomtic bn'-ua, kiioun as “ ou-khp," arc 
occasionally iidi in tin. < »n Ouaggafonu in. < a'-ittuite occurs 
in t)ie upper portion of tlu^ Kiai Oranite. 

luirty miles noitli-ea't of Iheiona, (•as-.iieiU(' (Kcms in 
the Ked Oranite on the farms of luiktldoin. Xlaklaagte tind 
Roodepoortje. 

On the Olifants River, (in on; is won at Mutue bides and 
Stavoren, A con^idei.iiib' amoniU of s» licvliii' is ]ueseut in 
tlic Stavoren oie, and dil(i< ult\ lia^ la-on expeiienced in 
disposing of tie tin tuiig'^ten toiKMiiMte, sim e sclioclite 
cannot be separaUd magiietiealK . a- (Mii wolfiamitic 1 he 
Swaziland tin chpo-iis ( ros^ the boidc'i mto tlie ivastern 
Transvaal, but arc not at pieseiit woikrd iln n* 

SWAZIL \M) 

7'aWc' 

Ouipiit of Tin Ore in Su'azihnid in the Ycdi'i cndiim Miitcdi 31, 

Kill 17 

<^uant»ty . tuns *1 ^70 ' ui , 


♦ Kjn.i II. >t a. lit a 

There are two tin-bearing districts in North-Western 
Swaziland, viz. tlie alluvial d('po-if.'^ of Mbabane tlhribabaan) 
and the surrounding eunntry, and the lode, rouml I'orlies KccL 
The detrital deposits oemr “ llat- ” along the rourse of 
the Mbabane and other rivers, and to a les-, extent on the 
Jlill slopes. At King’s Flat, to take a typical example, there 
is a soft bvorburden of about 12 feet of dark soil, which carries 


) ,t< ; < J lyi ' e> I J'jC* 17. 

I 

)C V- U* 
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little tin. Below this lies 2! feet of coarse tin^bearihg gravelv ^ 
composed latgely of fragments of quartz up to 3 inches across, 
which rests on tiu* granite floor of the \^alley. Ihe cassiterite 
occurs in the gravel as loose cr'ystals, but occasionally in 
boulders of jx'gmatitic rock ; it is associated with other 
acccssoiy minerals of the granite, including ilmenite, monazite, , 
euxenile, a-schynile, (oinndum and toiiinialine. The cassi- 
terite is evident Iv denvt'd from the pegmatite dykes and 
quartz veiul' ts in the granite, wliich lx longs to the Older 
Granite and not the h'ed (iianiti' of the Waterberg tin fields. 
The mineral has been ’^(‘cn in many of tlnse pegmatites, and 
at Sanders (reek .1 d\ke of cle( DrrqiO'.cd jH'gmatite ^fielded 
considerable anionnU wluii wotkt'd by hydraulic methods. 
Since iqrj, h\(lrauh( (»p<‘r.itrons ha\'e j>ro\e<l most siiccessfuL 
A race 14 null's long brings water troin thi‘ Ihnbeliisi River, 
which, together with loi .il supplies, is used three time.s over 
in monitors to break c, round ai ditleient levels, and also 
generates power for elevating the m<it(Mial it has already 
broken. 

Forbes Reef is situated some i j miles noith of Mbabane 
on the ('asl side of the Ingwenva Kang** I liis range is formed 
of (piart/ites and sihisU of the Sw.i/iland System, in which 
are intiusions of the same gr uiiti' as .it Mb.ibane. In one 
case till' till (ucniy in .1 (l\l e in tlu' seln^'t, 2 to 3 feet wide, 
composed almost entiielv of vvlute felspar with patches of 
chlorite and lassitenle. More usually the veins follow fissures 
parallel to the strike (<f Ihe s('hisls Along these fissures the 
schibi is tiii-hcaiing over a width of about 3 inches. 


Ami- Kir\ 

Can.voa- At N('\\ Ko^«-, Lunenburg ('onnty. Nova Scotia, 
a quartz vein in granite canios a streak of rich ore from 3 to 
5 inches wide I lu^ contains casMterite and chalcopyrite, 
with tungsten and zme minerals, and assays from 10 to 30 per 
cent, tin and 8 per cent, coppei. Poginatitic zones in the 
granite also contain cas'-iteiite. 

Tin and tungsten ores occur on the south-west branch ofo.: 
the Miianuclu River. Now Biun-wnck, and cassiterite has also 
been recorded from several localities in British Columbia aipd ^ 
from the Yukon district. A sample of black sand from Sluice^ ^ 
boxes in the Atlin distiict of British Columbia is said to haV|^: ^ 
assayed b-;! per cent, of tin. ' V\\ 

There is, however, no production of tin oiq in Canai^f ' ' 
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; the Imports of the metal are shown in fable u. Some 
■ thcf United S^ater^ annually, niostlytem 

Table 5 > 
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Table j.f 
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Years ending December 31st, 1910- 13. t Years ending June 3< th. 1915-’ 



Table 36 
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duced considerable quantities of tin ore. In 1907 the output 
was about 14,000 tons of ore, and the Commonwealth ranked 
fourth among the world's producers, but since that date the 
output has diminislied. All the States contribute, with the 
exception of South Australia, and table 34 shows their shares 
in the annual output 

Ihe total value of the ('oininonwcalth output up to 1916 
anioiinti'd to about of which Tasmania con- 

, tributed / 13,000,000, New South \V<iles £10,500,000, Queens- 
land £9.000,000, Western Australia £1.200.000/ Victoria 
£800,000. and t}i(‘ N'oitiicni territory £400,000. 

Ihcrc ate tiu-smeltuig works at Launceston in Tasmania-' 
VVoolwreh. near SvdueN . X.*w South Wales; and Irvinebank, 
near Hi'rberton, 9hleeU'^iau(l Ihe nietallic tin is exported to 
the_Unit('d Kingdom, New Zealand and other countries 
An increasing propoiliou ol the ore produced is, however, sent 
to the StMits Setlleiiicnts for smelting. I'ables *5 arid 36 
give details ut the ore and tin exported. The reduction of 
the exports by ovs-i ^o umt. m the }'ear 1914-15, as 
compared witii kh >. wa^ rhie partly to the war, partly to the 
eflcct ot the di\' simmui whieh mteifeied with dredging opera- 
tions , and a consKhaablu leianeiy is shown in the figures for 

iqTyiit. ^ 


Ihe im[H)its of tin into \usti\ilia, as shown in Table ^7 
arc very .mall but thno is a larg(‘ amount of tinned plate 
imported, ehieflv tiom the I’mti'd Kingdom. The tota: 
imports ()f tiimed plali's and sluvts into the Commonwealth 
m tlic year t ndmg June 30, ji)!;, amounted to 823.340 cwt , 
valued at £1 .j.jo.i) ;(>. 
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New South Wales. — T he total production of Kew South 
'Wales, from the beginning of the industry in 1872 up to and 
including xqiy, is 82,904 tons of tin and ^3.997 tons of tin 
of a total value of £10.963,004. The o\ilput of ore in 
' recent years from the principal fields is given below. 

Table 38 

Output of Tin and Tin Ore in New South 

ivU- Ivo iiu r-;i' ' ige'. I 1917. 

Ardlcthan I)iv . f-ro an I 

ccincenlrvit*"^ vnlund at. / -;,y j j | .> 5 

Bcndt*ni( er 1 )iv i 're, tons 
Dcopwatcr Ihv i«j ' p- 

Etninavillc JHv ,, | 1 > 

Olen Innt's 1 )iv ,, . (> 

Invcrcll Div. ■ i i 1 ■ 

Tmgha Div. ,, i,'> <> i i(.<j 

Torrinjijtcn f >iv' ,, j ye 1 m 
Wilson ’.s Dowiif. ill 1 

DIv. . . , . ' K.; f s" 

Total output, metaliu' 

tin , . t -io w • 00 

,, output Tinr.ir , I I ; s > 1 '' 

,, valiU‘ of tin and 

oro* . i C' ' ; 1 1^1 

* Xot statr'd 

The metallic tin |>nKiu(’cd in New South W'.ik^s is smelled 
at Woolwich, near Sydney, and the ftre ( xpoitcd goes mainly 
to the i^traits Settlements. 

Tin deposits are widelv distributtal ovim* llic State, but 
the most important are situated m the north ('astern part, 
with Hmmavilk; and 1 inglia as the ( hirf eentn's. All the 
localities mentioned iii tlu' above table aie in this cpiarter, 
A\ith the exception of Ardlctlian. 

Tin-mining began at IvKinore, ni'.ir Inverell, in 1872. 
Here the cassiterite occur-, as crystals disseminated tlirough 
granite and greisen, and, on the dt'composition of the rock, 

, has become concentrated in surfar'e deposits It is associated 
in these deposits with some wolframite, and also with carbonate 
, of bismuth. The wolframite is derived from lodes which 
: Out the granite, but do not aj^pear to lx.' 'tanniferous. 

In tine surrounding district ^hallow alluvial depo.sits were 
' soon discovered, and for the most part worked out, as at 
JS€^^^'Stecld, Stannifer, Tingha and Stanboiough. 
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Cassitcrite was found abundantly in the bed of Cope's 
Creek, and also in the alluvial flats bordering it. At Tingha, 
on this htroarn, dredging for tin wa^ commenced in 1900 for 
the lirst time in New South Wales. Jn 1912 two-thirds of 
the total output of the State was lurnishcd by dredging plants, 
of \vhi( h tlicre w'eit* thirty-live of the suction-pump type, 
and onlv four burket-diedges. '1 o the end of 1917 the dredges 
produced iS,,S5.| tons <.f concentrates, valued at 

In addition to re<('nt and Ifleistocene siiperticial deposits, 
there ar(' in the 1 ingha- Invcrell district Eocene alluvial 
deposits of similar ongin and (oritaining ('assiteritc derived 
from th(‘ s.mu‘ gianihc rocks. 1 hese old valley deposits, 
known as deep lo.ids, W(‘ie buried bcaieatli sheets of basaltic 
lava, tlu' ou1]>omii)g of which was accompanied by eruptions 
of volcaiuf asli now all<‘i('d to liau.xile I lie Jilsmorc Valley 
Lead is an (‘\anipk‘ ; tlieri* .irt' tin < h' Ix'ds <;f w'ash-dirt, to, I feet, 

T -5 bet and i loot thick, worked by a mine 225 feet deep. 

I he News((‘<id {.(‘.ul w.is w'orked iroin its outcrop, and found 
to (h ept'U gradualK' iioithwMnl to a depth of i feet or more. 

Near the jiimtion ('oj>(‘’s Creek with tlic (Nvydir River 
th(U'(' ale se\'eial lulls of b<isalt overh’iiig a Imtiary stream- 
(hposit, i liN i> woikt'd loi diamonds, which are small but 
iiumeious, and ,ne .i< comp.inied by topaz, saj'ipliire, zircon^ 
tomnadine, ilmemie, in. ignelite, spun'], cassiterite, etc. 
Although not in suilu aait ipMUtity pav the whole cost of 
extraction, the tinstone forms d valuable by-product of the 
diamond -washing 

Ihe l‘nmnavili(^ lu' Vegid.dile ( reek district is some 40 miles 
to the north ('.ist of Imauell and I ingha, with similar geo- 
logical cmrdilions 1 lu‘ oldest sedimentaiy rf)cks at Emma- 
ville are bluidi-gia'v cLu’stonos of (. .ii boiiifcrous age, which 
have been intnided l>y im-bearing gi.uiite and by quartz- 
folsitos and dionte'^ Ihtae are lertMiy alluvial deposits 
covered b\’ s|i('(4s of l.iva and volcaiiii' ash, and also post- 
er e r t i a rv s t u M I n -d e p (es i ( s . 

Ot tlie last t\'pe. tlu' most prodiuiive was that of Vegetable 
Creek. I lu' u])[H r miles of tlii*^ stream are stated to have 
yielded 33.000 tons of casMterite behveen 1872 and 1884, ; 
tire area w'orked being about 130 acres, and the avei'age depth 
of gr.ivel waslu'd about 2 feet 0 inches, ('atarrh Creek also 
contained important shallow alluvial deposits, and there aro ' 
numerous smaller occurrences in the di.strict. .C' 

Of the lertiary alluvial deposits some are still capped by , 
lava, and in others the lava has been removed by denudatioiiy ‘ - 
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most important deposit of the hitter class is at the Y 
Water-holes. It has an area of 1,100 acres, and its average 
depth is about 20 feet. The de[>usit consists fd current- 
bedded clay and sand, the riclnst (*re occuiriiig in the lower 
part and the next richest at the loj). when* tii(‘ tin from 
denuded material has t)een coneentrated. S<ri:b1)y (lully. 
Surface Hill and Ruby Hill aie other exainph-, ol bare Tertiary 
deposits. 

Of the basall-coven'd Teitiarx h.ui- in tin- l^n^navllle, 
district, by far the inn*.i iin])oii.ini i-> the \'eeriable Creek 
Lead. In portions <A its (mir-.c thne an' tuo distinct ilow.s 
of lava, each oveilynii:-; a bt d wl st.innih ioii’ \v,i 4i diit. 1 he 
old stream liad two main tiibutaiii'- .ei\!n,e ive to tlu* Rose 
Valley Lisid and T'ox's Deep Ij ad lie* liib i, .a junction 
with tlie Vegetable ( leek head. \\<i^ ^dniek at / (/I fact from 
the suiface. and is tlu' di opi -t h-ad w-akid in th.- laninavillc 
district. At Ikiile\ ‘s Mine. Rose \'allo\ , a siannileioiis alluvial 
deposit is overkiin by a folspai -]M»rphvi \ , the onl\' known 
instance in Austr.iha of a drop T ad buiratli an a(dd lava. 

To the south of \’('grtabl(‘ ( liek la -id 1 ^ thr (ilaVeVard 
Lead, and the two Kads jiioleibK uini*' about 6 miles west of 
Emmavillo. h'loin thi-- point a suip ol b.i -.illo o\ (‘led lamiitiy 
runs nnithwaid b* K.ing.uoo I l.o and \\o^a wheii' stvinni- 
ferous drift lias been woiked, and ii i- jnob.ibk^ that the lend 
will be found rich enough to l)e woilod in intcunnediato 
localities. 

Farther west are the Sjuing la. id. Ko‘k\' ( oik l.ead and 
Ruby Hill Lead, and to the eaT l!i(‘ Wrllingbai Vah* L(*ad, 
near Deepwater. 

Lode-mining for tin ha-> Ixan laiind on in the Tingha 
and Kinmaville distriets '1 he lod< im hide lusure-veins, 
joint-veins, pipe-veins .md stixkwmk^', .ind o( em- chieily in 
granite. The associated minerals air ipiait/. felspar, chlorite, 
mica, arsenopyrite, P3'rite, lluonte, toniinahiie. wolframite, 
galena, chalcopynte. bismuth, mol\ bdeiiite, vesnvianitc, 
stilbite, Inematitc, pvrrholite, mangaiie .e, si iun'lite and beiyl. 
In most of the veins tin* ore shows ,i trndtmey to run in shoots 
inclined to the plane of the lode. ’1 he largest veins are the 
Ottery, Dutchman, Ibitler’s and Curnow’s veins, all of which 
are from 3 to 4 feet wide. Pipe veins are a peculiar feature of 
botli the Tingha and Emmaville districts. 'J hey usually 
occur at the intersection of joints in granite, and are circular 
or Oval in section, and up tf> 4 or 5 feet in diameter. They 
epnsist of quartz, felspar and chlorite, with disseminate 
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cassitorite, molybdenite, wolframite, etc., and pass gradually 
into unultercd country-rock. 

Still fartlu'.r to the north-cast is the Wilson’s Downfall 
district, wliich may be regarded as an eastward extension of 
the Sbinthf^fpe tin lield of (Jneensland. Shallow alluvial 
deposits hav(‘ been woiked in ilic Ruby. Maryland, Herding 
Yard, f'enu'frrv. WiKon’s Downfall, Wylie. Two-Mile and' 
Bo(jtkookooia) a t'rreks. 

fn tlu' L-ielilan nnning distiict, in (lu; southern part of the 
State, is tli(' iiiijxMiant Im held of Ardlethan, about 40 miles 
west of Teinoi.i. It w.is di^foveied in rpri. Here the lodes 
traverse gi.iniir .nid si'hi^t. and usually eon.siNt of greisen or 
(piai l/-toni (iialmr nx k I op.iz is '^oiiudimes abundant, and 
th(‘ cassit(Sil(' Is a'>so( i.ih'd with hisiniitliinite, inolybden te, 
wojfiamile. elKd(Sip\ ritc, ar-mopvi ite, ceiussite, pyromorplutc, 
and zinc-blende. A livdioiN arseiiati' of ropp('r and iron is 
often pn'sent 

Among oth<‘r loi'alities m (li(‘ (aaitral and southern parts 
of New South Wale. ina\' l>e uk'hI loiied Mount 'I'allabong, the 
l.achl.in V'allia, Diiifu Ib.iii.i, Maiid.inah, .Mbnrv, Jingellic, 
Germauton. lumbaiumba, Wagga Wagga. Ihingonia and 
Jindabyne 

111 the Hairi(i dishifi, ir. tlu' t‘\treme west of New South 
Wales, tin on- ocnii-- at Fnii(»wi(' and Poolain.icca. At 
Kuriowie (mssiumiIc i-. lound in (o.n^ely (Tvstallinc dykes of 
gfaniti* and gniM'ii tiawasiug gnc'iss and mica-schist. The 
dykes au' usnall\' fioin i to Iret thick and ti'rminate abruptly 
with rounded emK Work in this t'udd has been greatly 
hampered bv se.ireilx' of w.der and distiince from any railway. 

Small cjuantitK'S of liiK'ly divided cassiteritc, associated 
with ziicon, ganaj. ilinenite. niona/ite. gold and platinum, 
Occur in s^Jine of the sbou' sands, notably between Byron Bay 
and C'larence I b ad, and in lessiu' (piantities between Port 
Macqnaiie and ('ap<‘ Hawke near Seal Rocks, and at< Shell- 
harbour, Ih'niu’il (‘te 

Native tin h.is been leetaxlcd in washings from the Aberfoil 
and v^am riv<‘rs. luai Ob.ui, in grains from o-i to I mm. in 
diameter. Moie interesting economically vire the considerable 
' quantities «d' staiimte at Howell (Ih^ra Creek), near InverelL 
I his mineral als() <V( nrs at Pedwong. near Bungonia. At .^ 
Howell it is a^sou.itul with galena, /anc-blende and arscno-" 
pyrite, and at Pidwoiig ehietlv with arsenopyrite and some 
. chakopyrite. galena ami /anc-hlonde. Ore from tlie Conrad 
Mines at Howell was found to contain about 9 per cent, of 



; NORTHERN TERRITORY 65 

tin, 3 per cent, of which was present as a residue unattacked 
by all reagents and fluxes with the exception of potassium 
cyanide, I'o this residue, which is said to liave the appear- 
' ance of fine garnets and a composition expressed by the 
formula ySnOa-luy^Oj, the name conradtfc h.is beiMi given. 

Nokthern Tekhitorv. The piodiK’tion of tin oie in the 
Northern Territory is small in compaiison with other Aiis- 
Tralian States, averaging about 200 tons a year, but this is 
partly due to the undevelop('(l state of tie* country. The 
concentrates are sent to Singapou* lor smelling. The output 
in recent years has been as follows 

I'uhlc ;o 

Value of Tin Ow produced in the Xotlhetn 1 erniory 

In / 

j 190 
31,113 j 

1 able .jo 

Output of Tin Ore in ^hr Xorthein 'Ibrniory 

] II t'>n 1I> ) 

loi! ir- ' i‘jjr I )f>iJ 

I j 

HorseshcM^ Crock .uivl O.ilv Kiver . j i i \ 

' Mount T<Kld . . j ) ' .jn 'I hr \'i Ml'- . ' a 

Emerald Hill . . . t u HiMniXilIry. i t 

Wolfram Camp . . .-o ij I mhi.iw »n.i .1 C 

Fergu.sson . . , / ^ M.uv lovtr . ! 

burruiidie . . c J str.i\ ( rrrk . j 5 

Snadden's Creek . . m si l’oi< < nsk . j ^ 

‘ Mount Shoobridpo , , l ■ ■''i M'-ri ll.inr.,!!-. , j i 

TheFinmsandMt Tolmer }f -h 1 

The Cullen , . 

. West; Arm and Byiioc Hat 'H tal t.-ns; 

boor . . . i.s *'i i 22,900 27,001 

y, - 'I ' 

y , At Mount Wells. BiiiTundie, lode-mming is carried on. and 
Jjifty’ Chinese miners were emplo\-iHl in the e.uly part of 1914. 
The mine has been pioducing since i 8 > 50 . 'I he lodes consist 
,^-bf. quartz or pegmatite dykes intrii''ive in a ''liear-zone in 
.chlorite schist, and may expand wlien followed into the granite.- 
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Systematic development has, however, been neglected, and- 
the mine is worked by Chinese tribnters. 

At Horseshoe Creek tlie lodes also cut chlorite schists. 
Here, as in other parts of the Territory, the Chinese miners 
have follow(‘{l lf)des down to t Ik- water level and then abandoned 
thorn, or pi('l<e(l (»nt ri<h ])0('kets without attempting to trace 
them to lintli'T depoMt^ 

What appear. > In he an important tin held has recently 
been developed at .M.uaiibov. at tlic lieads of Bcswick and 
]h’ovid(Mie(' in laliliide i f .iS' South, longitude 132^49' 
h'abt It about miles (Mst of Katherine, a station on the 
Overland 'lelegraph Lint' I he lodes neciir in pre-Cambrian 
tuffs overlving giamie, ,ind eon^ist of replacements of the 
tubs, in wliieli (.isaltiite is assoriated with tourmaline or 
with quart/ and ild'>iil(' On tlu' neighbouring King River 
(M'-siteiite o(<u!s m .1 (jiiart/ touirnaliue vein in tuff. 

lja\(-. ( leek and Kiim jungK* arc other localities in which 
tin ore has reriaith' biiai luimd 

(,)(:]■ I'.Nsi AM) I in imnmg in ( )ii(*ensland began in 1872 
witli an output of i.jo; long tons of ore, followed by 8,938 
long tons in i.S; ; 1 lu' latter ligiiK' has never been exceeded, 

and the total output to the end oj is 141,725 long tons 
of oi't' vahu-d at /() i ; 'i lu' tollowiiig table shows the 
oul[mt of tlu' diht rent luTK 
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AU the tin fields are in the northern part of Queensland 
with the exception of Stanthorpe and Nanango, whicli are 
near the southern border. 

The Herberton and riiillagoe tin fn*lds situated to tlic 
south-west of the p(ut of (.'aims, with wliirh tliev an; con- 
nected by railway. I he Ih rlH iton lirld is travi ised by the 
main dividing lange ot (hu-i‘usl.iud. wlule the Hcrbeitun 
Range on the eastern border pi events rasv aree>s to the coast. 
The rocks aic slates, seln--ts aiul (jnait/iti s wuh intruMoiis of 
biotite or hornblende gianitr, eennt.'-pni j)h\ i v and (piartz 
felsite. Elvan deko'^ pciutiato luah tlu- plutnmr rocks and 
the altered ‘-edinKsUs. 'Mn- iiu li'.di- mc \n in an iiregiilar 
manner. 1'he lode inatmiai a in!(* iucil;* . e.iadn.dlv into 
barren country rook, and vai'-s {mui un.ihcud granite or 
quartzite to greisen and rhluiui< m ka.ohnii- inatmal. I he 
cassitcrite is often a<a (»n!p<inn d l)\' tipa/, llnoiitr, lounnalinc» 
wolframite, bi'^iniithinue. ant iinonitf. .tsd'iia, < !ialeop\ iilc and 
magnetite. .Mhuial tin was iii't woikcd in this dislriet in 
1880, and the discovtia ol lodt neai licrhi'ilon and Watson- 
ville soon foilowod [i vmch.mk. Kota ^tannarv Hills, 
Sunnyrnoimi, and Xewalllon ao* oilui iiiipoitanl loilr, mining 
centres in thesi' ln‘id< 

b'arther north, in the .\nnan Kivc-i tm link'. M)nih of Cook- 
town, the output is almost ^ticam tm. altliough 

lodes have been worked to -oim* ( \t< ni m a girisciiisml granite 
near its contact with I hr di-.tii(t lan* (d rugged 

mountains, but the stnMin^ draining wi -lwar<l into the Annan 
River are hekl up bv bam of iiaidcr nak. gnmg rise to an 
alternation *>( cascad<‘s and qui<‘t leatlns m wliidi extemsive 
alluvial deposits occur ( a^^iteiite i'. aUo (omul in alluvial 
terraces above the pn'srrit sIkmui h vrK, -ind m superlicial 
deposits on the hillsides Ixdow tin- giamtc* -late contact. 
Some of the deposits haw- Ixeii woiked 'ontmiuju^ly for tin 
since the opening of the lield m iN.s 5 do biing water to the 
higher terraces, races had t'> he ('oiMnn t( d. several 

miles in length ; water supplv m a mod important factor in 
many o£ the Queensland helds, and a dry season leads to a 
diminished output of tin. 

At Lode Hill, on the Pdcjomlield River, ('ooktown district, 
the grebenised granite lia- been decfunpo-ed to a considerable 
depth. It is removed by hydrauln meaim. and is staled to 
yield on an average ij lb of tinstone per cubic yard. ^ 

in the Stannhilis tin field, near Croydon, cassiterite occurs 
in veins in granitic rocks, and is associated with chlorite^ 
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quartz, pyrite, galena, zinc -blende and chalgopyrite. The 
Desert Sandstone, whicli overlies the granite and forms isolated 
flat-topped hills, is stanniferous in places. Alluvial deposits 
have been worked, but these arc not e!xtcnsive and are of less 
importance than the lodes. 

The Kangaroo dills tin field, about loo miles south of 
Herberton, produces hxh' and alluvial tin. Lodes have recently 
been discoveied at W'aterciess. 

Still faither south, in the Charters Towers district, a certain 
amount of lode-mining for tin is carried on, but the industry 
is quite ovei shadowed by th(‘ gold production of the district. 

In tJie Stanthoipe (list net. near the New South Wales 
bolder, the hist diseoveiy of tin ore in flueensland was made 
in iHyi. I he .dluvial de[)osits are still yielding good returns 
to hydraiilii' methods of extraction, and there is a little lode- 
mining, especially in the Ikdlaiidean poition of the district. 

Casstterite ocems, associated with gold, platinum and 
monazite, in the sI»oH‘ sands near ( iirrumbin Creek, in the 
south-east ol t huH'iisland, Sirnil.ir deposits arc found on the 
coa.st of New South Wales. 

South AtsHcmia.- ( a^^iiellte has been found in the bed 
of a lake near Laie.i 1 )am. about jo miles south-ea.st of Tarcoola. 
It occuis m decomposed gianite d\kes and quaitz veins, and 
in the suj>oilu'ial dt posits. 'llieie has been no production of 
tin ore. 

Ta.sm.am \,- -Tlie Ole is smelted in reverberatory furnaces 
at Launceston. I hose Imnaces yiidd metal assaying 90 to 
95 per cent, tin, wlu< h is .subseijueiitly relincd to an average 
purity ot ()(}\S(i per cent. 

Ihe principal mine in the Northern and Southern Division 
, is the Shcplund and Muiphy, lusir Middlesex, otherwise known 
as the Ihsiiiuth Mme. I he lodes appear to be connected with 
a Devonian giamte intrusion, and traverse (i) sandstone or 
quartzite', (t) lime-silicate io‘ k resembling the Swedish ‘'skarn^' 
(see also p, tCj), winch consists of garnet, pyroxene, and 
magnetite. I hese ri'cks are coveied by d'ertiary basaltSo 
: 'Jhe lode.s contain (juaitz, fluoiitc, topaz, beryl, a greenish^ 
< hydrated mica and monazite. togidher with cassiterite, wol- 
framite, bisuuitliinite, native bismuth, molybdenite, chal- 
' copyrite, pynte, aisciiopc nte, and rarely galena. Scheelite,' 
bismulite, calcite aiui stilhite also occur. The tin, tungsten 
and bismuth minerabs are of economic importance, and occur 
in the mill concentrates in approximately the following 
centages : cassiterite, 33 ; wolframite, 30; bismutbinite, 474: 
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the remaiiKler being pyritc, magnetite, quartz and fluorite. » 
The concentrates are treated at Launceston by Wetheriji 
magnetic separators. These give a wolfram concentrate • 
containing 70 i>er rent tungstic acid and 07 per cent, tin, 
and a noii-inagiK tic product containing 56-3 per cent, tin, 

8 p(jr cent. l)isniuth, and 07 per cent, tungstic acid. This 
prodiK t is sliipjjcd lo England, wheie the bismuth is extracted 
and the icsiduo -.iiit ltrd as .1 tin 01 (s The Wetherill separa- 
tions of mill conccnti all •, liom the <I(S‘pcr, unoxidised ores are 
carefully loa^-lt'd .md again p<iss{‘d thiough the separator to 
eliminati' the pvntf and other minerals which are sometimes 
intimalelv nii.xcd with ihr vahi.dih' ores. 

llic rhiel output ol tin oir ronics iiom the North-Eastern 
and NorthAVr^o i n i)ui-ioiis In the former arc the Pioneer 
Mine, which poxlinisl .j(),s tons ot ore 111 rqii, and the Briseis 
(Derby Distiici) with 5 j(S lon-^ m the same yr'ar. Both these 
mines aic on the Eini’aiooma Ki\’cr and wairk deep leads. 
At the ihnnerr tlii' ovfibiiidrn i^ t'* h rl thick in places, and 
consists of cr'i'umtcd inaUai.d wiindi has to be blaNted. The 
Biisrds was dis(o\'ered m iN;.; Ib'ie the cassitcrite occurs 
in a coaisi' (juait/ sand o\oiiain b\ a shei t ot olivine- basalt 
wliK'h is giaietally '^o dia oI^po^(■d a^ to Ik* lemovable by 
hydraulic metho(E W.itia ha-^ bt'cii hioiight fnim a distance 
of over 7,0 niilcs. and ii(ent!\’ iiver .iiul mam road have 
been divcitcd 111 (udi i lo tollovv the hsul acros.s the old river 
channel. 

At trkuKtoie', loui'i down the Rmgarooiiia River, alluvial 
and lode Workings tin.sioiu*. often a-isociated with gold 

and w'ollram. I he lodes (Hoaii near the junction of the Mount 
t ameion giamte wiili r.dao/ou' slates; and the alluvial 
deposits have lum in part reahstrihuted by marine action 
during a u)mparatively uxt'iit de])ressu)n of the country 
beneatli iIk' sea. 

In tile Eastern Dnision the Anchor is the chief mine in 
the Blue 1 ler riistiut. I lie lock worked is a tin-bearing 
granite a\'('iaging .] jier niit. cassiteiite. Die biotite of the 
ordinary l^hu' her giamte is alteied to muscovite and talc, 
much of tln‘ h'Rpar is ka(>linisal. and cassiterite, wolframite, 
scheelitc, lliioiiie, ]>vnt('. molvbd“nite, galena and chalco- 
pyrito occur, l artliei stiuiii, in the lien Lomond and Avoca ^ 
districts, tin lodes occur m granite. I he overlying grits and . 
conglomeiates of Beimo-Carbonifeious age contain water-worn^ ' 
fragments of the granite and of quartz and cassiterite, and 
form one of the most ancient deposits of detrital tin hitherto' b 
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recorded. In the Scamander district cassiterite and wolfram- 
ite occur in lodes. 

The North-Western Division contains the most important 
tin mine in Tasmania, the M(mnt Bisdioit, which pioduced 
I, no tons of ort* irl igij 1 he mint' wa^ disooverrd in 1871 
and the output to tlie end t)f Kjig was 7^.500 tuns ot oto. It 
is situated 45 miles from the north coast at ['nin Bay Mount 
Jiischoh consists of coutnited -lat\ lorK^ tiaver -id hy dvkes 
of quartz-jaapliMV, uliilo tha ‘-uiioiiiidint; plains aie largely 
formed of sheets uf basalt i he poipluiv d\ki s cairy topaz 
and cassiterite, and there are li-'Uie veins ('oiitaiiiiiig cassi- 
terite, pyrite, arsenop\ iilt\ lluorite, wolbainile, touimaline 
and siderile. Di^inlegialion ol the -.lat\ locks lias given rise 
to extensive lesidurd dq)o-it^ ui win* h tlie easdleiite is con- 
centrated, known as tlie ibnwn 1 a(.e, White I'aee, etc., and 
small alluvial dc[)osit^ .dso occur 

in tlie Westcin Division is the North Diindas tin field, 
including the Keni-on Ik 11 Dieadnouehi-l«ouldei and .Montana 
mines. Hero the Dnruki- .'slaii* - weie ( ut . j»rob<d)ly in J )( vonian 
times, by d\kes of <piart/ p<»r]tbviy and b.isK igneous rocks, 
and by varioiH t\ pc'’ of veins In M)nieof the veins (, assitei'itc 
is associated with (juartz and touimaline. oi with <jiiaitz alone, 
in othois with snlplndes. Of tlieo* purhotiu* is lh<* most 
abundant, though pvnte is oft('n pu'^eiif in laige amount, 
and arsenopyiitt*, elialcoj^vnle, galena and /iiK'-bkaide .ire 
usually seen. Quartz .md <Jolctmi1(‘ ari- tin (liief gangue 
minerals, with smaller amounts of loiinn.ilme, chlont(g epidote 
and fluorite. '1 he alluvi.d <]epo-its (ontam ca^'>lterile and 
chromite, wdtli tiacis of gold and ommidiimi. 

Immediately to the ea"! of the Noilh Dundas field, m the 
X River district, the ^.mie ty[>es oi lode-. •h.('ui. 

In the Zeehan field, iie.irer the west < o.i a, a \anety of veins 
are found, some of whuh earry tm Hoih cassilejite and 
stannite arc often present, asMx lated wiih pyiite, ehaleojyvrite, 
bismuthinitc, tetiahednle, wolfiaiuite, galeiiU, quartz, tour- 
maline, siderite and flu(^riti' 

in the Heemskirk district the priimiry tin dcpo:,it.s are 
Veins in granite and the overlving -.kites and sandstones. 
Quartz and tourmaline are the usual vein minerals. An inter- 
esting occurrence is an irregular pipe- like body at the Federa- 
tion Mine. This was followed for a distance of 115 feet, and 
its cross section diminislunl from 25 by 15 feet near the surface 
^to 5 by I feet at the deepest point tecjiuscd. The pipe con- 
vsisted of soft greenisli'grey material resembling pinite, with 

'r 



n SOURCES OF SUPPLY OF TlU ORES 

abundant cassiterite and pyrite, and these minerals, iogeih^‘f 
with quartz and toumialinc, occurred also in the surrounding 
zone of altered granite. 

The tin lodes of the Stanley River and Mount Balfour 
districts are similar to tliose of the ileemskirk and North 
Dundas tin lields. 

VlCT(jKiA. Viftoiia has a low output of tin ore as compared 
with ni(^>t of the olhi'r St<it('s in the ('oinmonwealth. The 
localities ])ioducing ore in ict eni years are given below : — 

'ruble .|j 

Oidpui of I m Ore in Victoria 

III lull', 'j. J (■■ 11 » ) 


Bct'ChvVd! til . 

('hilU'rii 

J ( UM k 

lUdor.uld 

iiskdiilo 

(tloii Wills . 

Koi'tong 

( i. ck 

Mitt.i Mut I 
Myrtl.'ford . 
nuthcnrlrii . 
StmnvMih' 
Survrvoi Crt ( k 

Ttdl.indoisn . 
'i’cHira . 

Walwa 

lol.d . toil-. 

. t 


.Most ot the \’ict(*rian tin ore is fiom alluvial deposits, many 
of whirl 1 }ield both vsissitei itc' and gold. Stiwun tin occurs at 
Glen Mih>. h>eei hwoiih. l’ddoi<id(>, ( hiitern. v^tanley, Ruther- 
glcn, Koebuig, and t ndgewa. in the Norlh-Kastern District; 
at loora, 1 in ( reek and Agnes River in Southern (hppsland; 
near Bnitht'n in li, astern (.iippsland ; at Gembrook, Neeritn, 
Darnuni, the Huiuip and I arago Rivers in Western Gipps- 
land; Upper \arra, and other districts. Tin-bearing lodeii, ' 
some of which ha\-e been worked, are known at Mount Cud* ' 
gewa, Mount Wills. l>il(,t Range. Mitta Mitta, Eskdale and; 
rallandoon in the North-liastern l >istrict. and Mount Singapore; 
on Wilsons IToniontory, in Southern tiippsland. 




WESTERN AUSTRALIA 73 

Western Australia. — The most important tin fields o{ 
Australia arc those of Greenbushes and Pilbara, 
which liavo produced about 5*300 ton'^ of ore respec- 

, lively to the end of loH). In a small pioduction wvis 
reported at Murchistai and ( oolg.iolie, and other occurrences 
are know n in the Kinibeilev' di'-tiict an<t on the j Inanas River 
in the (lasroyne vallev I hr output of black tin rcporte<l 
to th(‘ Mines Dt'pai timaii duruip^ tiu' vrar^ i<nz in 1916 is 
given below. 

I\d>U -PI 

Oiitpiif of Jin Oir HI W’rstcin Andtoint 

In t«>n^ li. ' 

I 

*•'• )•»■< : Uii7. 


Cm*nbushtsMiik-Ml I icUi ' , 

Pilbara(;.if<t Fk-M ^MaIbl(* Ibir ! 

llistrKt) . i ) 

MurchisottC'.old Fioldit uv Di*.- ! 
trict) . . 

Coolgarclic Gold Fu-ld (t'uol- : 
ga-rdift Distiict) 


s p n-si p’p p pM 74 ! 
M‘) O’ _ S; p , , J ■) r J 7 ; 


Value 
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I he (Trecnbiplu's distrn t p ni iIk •'onth-wr-'t of tin* State 
Cassiteiite ocxup in p(‘^;inalitr and (jiiait/c tonnibihiu^ veins 
and iniprcgnations m ^riuntc* I iip i -, (o\‘rirti bv iatcritic 
alteration prodiu ts, \vhi< h in p)a( < s < ont.iin (’(an entrated 
residual tin ore, 1 In-^ inatcii-il ipnall\ irfjuinp crushing. 
More important souiccb of tin aie the alluvial depodts in the 
stream valleys, I he iicln st <>f ili, is in Spim^r (,nlly\ where 
an upper layer of sand, kimun as “ liic diil, ' rests on stiff 
white clayey dirt. lie- foimn is [)ai ta. uiai ly nch in tin- 
stone. Tantalitc and stibio-taiitahte ot cm witii die cas.siteritc 
in some of these deposits. 

About tw^clve miles south of tii(< nbuTu *-, tin ore has been 
obtained at A'annuj> or ^mitliheld 
In the Pilbara district, m the iioith-west division, tin ore is 
, produced at Moolyella, touf^Irgimg, Old Shaw (iCIey’s Well), 
Green's Well, Wodgina, Stannum, and Mill’s Find. At all 
tlicse localities the original source of the cas-Aiti'rite is the 
pegmatite veins which travel -r granite and nietamorpliic rocks. ' 
At Wodgina, where, unlike mo.st other tin iields in the Stale, 
the output of lode tin has exceeded that of stiearn tin, the . 
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lodes vary from mere threads to masses over 500 feet in width 
and carry tourmaline and tantalite. At Moolyella the peg- 
matite veins consist largely of albite. From these sources are 
derived the shallow alluvial and residual deposits which, in 
most localities, have yielded the greater part of the tin 
produced. Tantalite, inona/.ite, gadoliriite and cuxenite are 
occasi(jnally found with the cassiterite in these deposits. 

At the King’s Sound 'fin Mine. W(‘st Kimberley, narrow 
veins of quartz in a M.ity lork contain scorodite (hydrous 
arsenate of iion), with ( assitoiite and w^olframite in varying 
but usually small amounts. 

Nkw Zk.aland. -lIu'Ki Is no j)ioduction of tin ore iii New^ 
Zealand. Fahk' 45 shows the iiujioits of tin, wliich is mainly 
of Austialian oiigin. 1 he iiiqxutation jjf tinned plate has 
practically doubled bttween loio and igiO, reaching 6,584 
tons in tin; latter yt'ai , tlu' |)l<it<' is maiiily Ihiglish, though 
increasing <juantiti(‘s hav(‘ < oine lioin the Fnited States in 
recent yeais. 

'I'itbU 

Ifnporh oj I in into /(wland 


ecmiilrir'S wju‘in<‘ 
Irnjxiilcd * 


Unitc<l KuijsVloin . 

Australi.i 

Other coiuiUirs . 

. v.\\t 
Vahu' . 


In c'\ t ( I u’ lb ) 


(.<’1 ! J, t !•/ <ts i 1 
.'.'•V’ Jr,:" 


;.'S ae. 1 1,5. ( n «;-() 


I <M j Jii'i I I'jC' ‘ 


}•) 


5 'H 




^,5^2 

2,702 

5 

5 


1 

S 1 


COib'i 2,952 

1 " - 15 "! 

li) y)r, 

.'9,i;:2 S0.97O 


• C.oimtru> wheruf impotlcil ui r-eo -13, <oinitno-> of <jngm in 191.4-17. 


Stream tin lias been i ('ported from various localities near 
the west coast of tin* South Island, as at the of Mount 
William l^Jango, at Kaiamca, Mokihinui, Canoe Creek and 
Clarke Kivi'r. Ii lias liecm found in the sluice- box concen- 
trates from aurih'ioiis giavcls at Waiinangaroa and the Black- 
ball district. One sample fiom the latter locality was found * 
to contain jvd per cent, of ineialhc tin. “Tin crystals’* y;, 
(probably cassitenle) an* recorded at Slaty Creek and" in the , 
vicinity of Lake Brunner, and “ im ” is said to occur in the s 
lhaines subdivision, I lauiaki. Auckland. Stream tin and lodes. C 
also occur near Port Pegasus in Stewart Island. No deposits,,; 
of economic value appear to be known. 
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1^) roKi’j(,x ( (){ M Kii':s 

(■'rjcopL 

AusTRiA-flr.\(;AKV ~-'i ho tm-boaiiiiL: huks (if IkilK/inia will be 
dealt with undoi (j). 7 S), as iIr'v aio olosoly con- 

nected those <»n thoS.ixon sidiMtf tin* h'l/i^obn fte. Though 
once important, thoir(iutpnt in uri nt y«'.us has boon insignifi- 
cant, as Tabl(' .jO dnou s 


/ tihic .p) 


Output of I'tn On' ana 7 ?;/ i)i A usinu-Hunf^ary 



In metne ton. 

II, J 




1 ji-' 

t u 

: lOJJ- 

1 »9I3- 

Output of tin ore 


‘/1 1 


’ 1 

1 939 

,, ,, tin 

1" 

1 'S’ 

1 i 

1 II 

Value of the ore 

{ o'' 

1 

•1.50-^ 

1 


The above figures represent low-grade ore, not concentrates, 
the value being under /8 por ton 
Tables 47 and 48 give tho imports and expiorts of tin for 
Austria-Hungary. The trade was chiciiy witii Germany, but 
the imports from the Straits were nearly as large as the German 
imports in 1913. 
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Tabic 47 

Imports* of Tin into Austria-Hungary 

In metric tons {2,^0,} lb ) 


Ccwintrlea whence Innwled 

1 >90) 

t 

1 IQU. 

1 

t 1912. 

1 

1913. 

United Kin)»dom 

1 .ss 

I 

' 227 

!■ ..s 

116 

British Indies 


t. 7 sc^ 

^ i.8h 

1.008 

Gennuny . 

1 

2,401 

' --55^ 

2,000 

Holland . . . . 

I ‘^>1 

I So 

no 

77 

Butch I-'ast Indu s 


lOo 


6g 

44 

Other counlnes . 

1 

I 17 

- 74 

'IVaal, inctru tons 


t.7oS 

i 4--'’'^^> 

4,214 

Value . . . / 

. / CO""' 


i 

8,^2,820 


Tdhli' 




Exports oj 

In 

Tin from 

mi 1 ri( t < 01 , 

- 1 iistria- Hungary 

2. -I lb) 


CottritfUs to vklia t> Uaporlol 


i')t r 

i I'ji: 

1913. 

Germany , . . . 

' j"" 

SS \ 

f)0,S 

827 

Other countrir'^ . 

, U’O 


; te> 

Total, nu'liic t<)n> 

S' <) 


i.'as 

1,001 

Value , . / 

' ' ; 1 

' n :v' 

j lOO.Oi 7 



FkancI' -Tilt’ {iKxluction ot tin on- 111 Immiux' h;m bc('n small 
and erratic', the list <i|>[)au‘ntly, beinj^ >z tons from 

Monlebrao in icyx). 'Dien' is, liowc'vci, n small tin-smelting 
industry. The imports ami exports of ore and metal are 
shown in the following tables - 



Table 4c) 
Imports Of Tin Ore 
In imdnc i ni', n. 

into France 

20 } lb ) 



Countries whence 
Iniportwl 

>‘»tn 

JOT r 

1.M-’ 

i')n j 

191 1 

1915. 

19x6. 

, United Kingdom 
Chile . . j 

Peru . i 

1,280 

‘71 

71 

i.8t| 

54 '^ 
r.i tb 

8 2 

U 4 ; 
1 . 932 ; 
i2 i 

1.983 

^25 



Indo-China . ' 

U-’ 

2 1 1 

171 

I28i 

123 



* Other countries . j 

78 

‘ij 

128 

33 «| 

211 



Total, metne tons 

1 2 0nj 

2 oS^ 

-’.<^57 

2.804 j 

^^545 

205 

443 

Value . i 

7 '-’. 144 

no. 120 

S0.694 

121.128 1 

1 

86.5.37 


♦ N'ot stated. 
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Table 50 

Imports of Tin into Ffiince 


In !ii'*trir ton< UiJ 


CounUles whence | 

Iwportftl 1 

1 

1911 t 

1 

i-jii. 

un j 

I.JM 


19X6. 

United Kni^iloai . ' 

i 

» .■' rr 


II 



British Indirs 1 s,i 

! 

S. 

s,-)t 4 ' 

(.’ f'-s) 



(ifinn-iriy . , 

1 ; U ' 

' 


(Ml-i} 



Holbnd . . 1 5;^ 

v.f*' 

j !•> 

\ )'> 

(i-S'D 



Dutch Iiidh - I 1 >'» 1 

' l.-I 

! ' 1 

i , i "1 

) I 



ChinA . . j • 

* 


/ii j 

I M 1 i 



Other < ountt JI N . j 07. 


’ ' " 

‘ 1 

U-oM! 



Total, melt ii' ton- , ' 

1 l.l, 

1 > 1 J 

1-0, 1 

f ,,,, ’ 

I 10, MU 

12, 068 

V'aluo . i ,i 

' 

M n '1' 


.1 M. <'l 




• N.)l 

t ‘Ihe fitjuii"-, I'l luark-'t^ It 1-M nt ' i [-u'l.' » f , imj'O' ts f'>r t onsumption. 


Tahir SI 

T\pr>rh oj ! Vi Oic jr'on h'ramc 

1 n ni' III' t w'l ■ . , " 1 11' 1 


CuusiUie^ ( 1 whiih r^i' 'it'll 


T >i r 

:.i: 

1911 

. 

United 

' O') 

‘ 1 7 

.,t I 

' I . ■ 1 / 



M3 

ll(‘lp;unn . 

1 ; 

•’ 1 

I ■ ' 

n I 

193 

''rnianv . 


IS*; 


: MI 

309 

OtluT t oontt ii"^ . 

CO 

1 ! I 

07 

M 


Total, nif tnu tons 

I 1 1 

I 

I , r ' f 

I 131 

^95 

Valuo . . 

( I 1 


<><' .'CO 

oirhV> 

3".'M7 


Table 

5- 




Exports 

of 'hr, 

from 

fiance 



In metric tons 

lb ) 



Counlrlfti to which lZxjvirtc<l 

’gi" 

igri 

' igi2 

1 vn 1 

I9M- 

United Kingdom 


I 

S 2 ? 

; oM ; 

819 

Belgium , 

n ' 

<"1 


1 

53 

Geiiiiany . 


I ;c 

'>S 

♦ 

1 1 

42 

Holland . 

C c 0 

(yf) 

>1'* 

i 151 * 

46 

Italy 

M7 

17- 

‘) ’ 1 

i 3^*^ ) 

4M 

Kussia 

/ 

•1' 0 

1U 

i 

480 

Spain .... 

1 17 

l<^ ) 

c6S 

: 1 

221 

Switzerland 


1 V 

; Ml 

■ i 

212 

United States , 

♦ 

U'7 


' 570 ; 

77 

Frenth Colonies 

-’>7 

MI 

M3 

' 1 06 J 

121 

Other countries . 

V-' 

10'- 

O'’ 

MI ■' 

69 

Total, metnc tons 


T77'^ 

; 3 . 

' l-'M! 

^559 

Value . . 1 i 



! ^»09,4’y> 

, 903,469 1 

409.504 


* XotstatTcd. 
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In Brittany lodes occur in granite and slate, as in Cornwall 
The chief minerals present are quartz, cassiterite, apatite, 
^luorit(^ rnolybcU^nitr, arsonopyritc, pyrite, zinc-blende, chalco- 
pyrite, and gahaia. Topaz and tourmaline are of rare occur- 
rence, and vvolfraniit<‘ is absent. At La Villeder, south-west 
of Idoerniel, in Morbihan, mining was carried on from 1856 
to iHbj and aj^am fiom 1880 to 1886. J.odes also occur at 
Piriac, in Janre-Infei uaiie, and at Montebras, Vaulry, Cieux 
and othiif Inrahtus on tin* ('(‘Utra.! Plat('au. At Montebras 
the lod(ss hava- beeti worked at various times; they occur in 
a fme-grained granitt , and many of tlu-m are rich in phosphates 
such as a|>atit<‘, \\ .iv<'llite. and amblvgonit{‘. 

(iKKMAW '■ I in-niining m the I'lzgebiige was an important 
industry in metlLev.d iinn s i\ou , howt'ver, the lodes on both 
the S.ixon and lh)h('mian sah s of tlie range, arc practically 
exhausted. Table p> (p 7s) shows the Austrian output in 
Tqio-Kji 5. and for (n rinany the output was 125 metric tons 
of ore in i<)io and ii() in K)!!. value<l at £2,800 and £5,850 
H'speetividv. In ioi2 the output of tin ore was included wdth 
that of cobalt, nickel and l)isnmth oies 

Ik'fon^ the wai Ciuin.iny had a eonsiderable tin-smelting 
industry based cIik iIv on Bolivian oie. Tin was imported 
from the Duteh Indus, the St 1 aits vSeitlenu'nts, Australia, the 
United Kiiigdoin, and eKowhen . and tlu' inipoits of tin-plate 
from tlu' United Kingdom amounted to 48,061 metric tons 
in T()r2. 

The ox[)orts of tin, as shown in Table 35. were mainly to the 
United States and th(‘ countries bordering on Germany. 


Table 53, 

Imports oj I in Ore iuta (T'tmany 

In mi'tnc tons {2.20( lb ) 


Coantriri whence ImporlM | 

igio 1 

igrt 

j 

1913. 

United Ivin^’dom . • 

* i t i 


i 

1 10 > 


Australia . . i 


1 

4 Ho 

U015 

Boluna , . . | 


I 


I5.83J 

Chile 

OM ! 

US74 

1 OM 

868 

Other countries . . ■ 

•1^>< 1 


! 

94O 

Total, nietnc tons . 1 

i 17343 i 

17,961 

^ 6,557 

18,736 

Yalne . . 7 

' ri 33 ,'^. 4 y‘ ! 

1,796,050 

2,069,650 

^, 342,030 
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Table 54 

Imports of Tin into Germany 


]yl metric toiv; j lb i 






. — 

Countricii whence ImrKjrle^l 

; Kjio I 

,Ji 111' 


dnite^i Kingdom 

I VM 

1 S-‘ t 1 1 1 1 ' 

i.oo; 

Bntish Indie*^. etc 

M-'S 

1 :iO(. . I . p; 

<) t * 

British Malaya, etc 

4" I 

’ 1'^ 19 t 

9 j ' 

Hong Kong 

S ! 1 

* 

Australia .... 

l.M<t 

1 1 ! J I M '1 1 

Vi 1 

Austria- Hungary 

t) ^ 1 

1 ' - 0 ‘ ' 

Belgium 



:07 
; 1 

Franre 

•'O 

'1 10 1 

Holland 

^ ' 

; '• % t 

y,.) 

Switzerland 

*<‘4 

1 M I ''' ' 

China 

V'\ 

1 1 ' 

. ( . ‘'St 

' t - 

Dutch East IndK'S 

'' M*; 

1 1 V" ? 

United St.'ites 

^ _ 

! } ■ J 


Other coil nine*. 

^ - 


f 1 \ 

'lotal. rnctnc tims 

1 \ .'<<7 i 

: 1 s S')' 

11 :Vi 

Value , 


1 ' . ’I-.,"'' 

'.'0 i.35" 

r^x ports 

* \-.t 1 d 

1 ilhn V> 

<// / })! jfOJIi < 




In m'-'b'ir t' • i . 

Couatrit» to wliioh I’xivirtci 


United Kingdom 


• so 

ryo ! 

Belgium .... 

Or- 

/ < 

> 4 ■) 

Frauace .... 

el/} 

r . ; ; 

7 n ' 

Italy .... 

S-’- 

0,0 

444 

Holland .... 

VC ' 

4 40 

V'47 1 

Austria-Hungary 

Russia .... 

<ns 
■} 4 •’ 

40 4 

4 . , 

H 7 , 

Switzerland 

di' 

1' ’*< 

551 I 

Spain 

9 4 

iSS ■ 

195 j 

Turkey .... 

'■'I 

: I 1 


Argentina .... 

1 1 >(> 

1 7 'i 

75 ! 

United States 


1./77 

C 4 ''M ' 

Other countnes . 

41/ 

oy. 

<‘4 ' ! 

Total, metric tons 

7.5- t 

7/)i.o 

9 ,J 05 j 

Value . . . .7 

i.iOij 5S ' 

Vi. i 5 f> 

I.U54,locj ! 


i')i } 


1 

5<\‘i 

^2? 
0\7 
77 » 
470 
Mi) 

59 

I -'>4 1 

0.M7 


The principal tin deposits of Germany and Austria arc those 
on both sides of the Erzgebirge, whore tin-mining commenced 
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in the twelfth century. The lodes are connected with two 
granite intrusitjns which cross the range from Saxony into 
Bohemia, and they occur cfiietly in the upper part of the 
granite and in the overlying phyllite, gneiss and porphyry, 
tile deepei and more central portions of the granite being 
barren. Thus at Alttaiberg the ore was followed to a depth 
of 760 feet, bt low which it was no longer worth working. The 
ore hero is in tlu' form of a stockwork, with innumerable, small 
veins or ZK iller bands, hartlier south, at Zinnwald, Hat lodes 
(Flbzc) and f^nasen yield tin, wolframite and lepidolite, the 
last named Jiavmg been worked as a source of lithia. At 
(iranpen, on tin* liolieniian side of the range, orthoclasc and 
iliioispai are abundant m the vein material, wdth topaz in the 
adjacent ro(,k 1mi lliei w<‘^t aie* the lodes of Geyer and 
Eliienfi iedt'i sdoi f 

At Hcrggie^slmbi !, neai the <*astern end of the Erzgebirge, 
thin Vi'ins of 01 ihoelase. qnaitz, Hiiorspar and cassitorite occur 
in altered Jinn'stone bands near a granite intrusion, 

Tin lodes weie foimeiiy woiked in the granite of the Fichtel- 
gebirge, at Weisseiistadt and elsew'liere. 

Hoij.am).— I loll.Liid Is impoitant, not as a pnHiiicer or large 
smelter of tin 01 e, but <is the dl^tnbll^ilig centre of the greater 
part of th(' tin t)io(iuee(l m the Dutch East Indies. Tables 56 
to 5() sh()w the imi)orlsand i-xpoi ts of tin and ore. vSmall 
amounts of ore, mostly Jkilivian, ware imported in the years 
preceding the war. but this is insiguilicant in comparison with 
the metallic tin. Practically the whole output of tin in Banka 
w’as sold ill Ifulland, and then' were also imports from tile 

Table 56 

Imports of Tin Ore into Holland 


In mptne ton^ Ib ) 


Countjlcs whence ImportC'l 


1911. 

I 9 T 2 

19 * 3 . 

X 914 * 

United Kingtlom 

. 1 6^ 



4 

2 

.i.— 

Australia . 

, i 

21 


— 

, — . 

France 

. : /9 

no 

7 

21 

— 

Germany . 


3 

1 

603 

I 

Chile 

. : 2 \.i 

45 

300 

60 

3^9 

Dutch K.ast Indies 

. ■ 


20 

5 

20 . 

Other countries . 

. ; — 

““ 

“ 

5 

— y , 

Total, metric tons 

• 1 335 

179 

33 ^ 

696 

410c 

Value 

£ 4.4^^ 

2.388 

4.439 

9.279 

5.467 
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United Kinpfrlom 
Strait^^ Settlements 
Germany . 

Dutch Hast Indies 
China 

Other countries . 

Total, metric tons 
Value , / 


Tabic 

57 




"^orh of Tin 

into 

Holland 



In metric tons 


\h) 




I 1 

i 

I'Ol 


1 

<M f ' 

l. b‘- 

t.oM> ! 

1 


7 ; 1 ' 

1 S',’' 

S"S 

5‘» 

^ ,<)i >(t . ^ 


1 M - 

1 V'O 

(So; 

M 7 M 1 

M ' 

071 ; 

j 1 

IS ' ’ ' 

‘S 'M' , 

hi 

u.^^: 

7'> \ ' 

' t : 

1 i<i. ! 

OS,j 

1 lO 


1' , 

‘ ; ‘M < 

' • ' ' 1 


b < >7 : - /MO 

Ol 1 : . 

M '*t 1 i I 

N 1 

1 «. b'O/ ^>‘) 


I able 5 '^ 

Exparts of Jut Ore jhan Ilnlland 

I n m-'t! ic t' in'- / . - ■ i lb i 


Giuntrics to uhicl; 
}ix[v ;T ) r' 1 


United Kingdom 
Germany . 

Other countries , 

Totiil, metric tons 
Value . 1 


'/'able 59 

Exports oj Tin from Holland 


. Countries^ to which 
Exported. 

1910 

191 1 

191. > I 

i 9 n 

» 914 . 

Tlxdted Kingdom 

1 60 ! 

5119 

1,697 1 

C 373 

47S 

Belgium 

i, 3 Sol 


t.6 59 ! 

1.369 

7(32 

Ftfimcc 

3^9! 


270! 

‘M 9 

12,0,4.3 

255 

Gennany . 



U. 751 ; 

10,128 

Kussia 

i >75 : 

j. .25 

-2.319' 

2.605 

1.614 

^United States . 

^/^73 ; 

^ 032 

C 64 “ i 

476 

409 

Ol^ countries. . j 


77 '. , 

7t<o j 

66; 

809 

Total, metric tons 



last’s i 

IJ.Oht ’ 

2 - 1,009 1 

18,767 

M.453 

, Value i 

1,657,092 i I 

i 1 

, 45 U 7 U 

.008.2301 

i 

1,565.620 

1,204,607 
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United Kingdom and other countries. The greater part of 
the tin was re-exported, two-thirds going into Germany, and 
it was therefore necessary at an early stage in the war to limit 
the imports of tin into Holland to an amount sufficient for 
domestic consumption. According to tlie monthly statistics 
of the New York M(Tal Exchangt‘, tlu' tin deliveries in Holland 
in the years 1913 17 were 15,522, 12,025, 4,734, 943» 9^2 

tons resp(;ctiv('ly. 

Italy. — The production of tin 01 in Italy is small, and was 
estimated at 20 tons in 1911 and 350 tons in T912, all from 
one mine. 'I'lu' imj)oits of tin .11 e normally between 2,500 
and 3,000 tons; in i()i5 tliey ro^e t(* 4,245 metric tons, but 
became norma! ag.nn m Sonn* ';o,ooo tons of tin-plate 

IsjirodlK'ed veail\ 

At Campi.elki .Maul Inna, m Tnsc.my, non and tin were mined 
in early tunes, and tlie deposit s wen- re-discovered in 1871. 
Masses of ( assilente oca iii in v< in.s of limonite, probably 
derived fiorn pynh-, wliieli tiav( im* limestones and shales of 
the lA)W('r laas. 1 In' oeemreiui- is of irUeiest as forming 
almost the only example m f'hiKtjn- of tin (h'posits of Tertiary 
age, to wliieh the gieat Ihdivian deposits belong. In the 
neighbouring island of Llb.i spoeimeii^ of ea^siteritc have been 
found in gianites of TeiUaiy agi*. 

PoRTLCAi . — The I’oitngUx M* tm deposits will be described 
with thost' of Spam (p. Sj), witli whieli they arc closely con- 
nected, The output m recmit yt'ars is given below. 

/'a/'/e (h> 

(hdpHf Of I'm Ore in Portugal 
In metric (-,-'^4 lt> ) 
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Russia. — Russia produces little tin, and her imports in 
normal years are between 5,000 and 6,000 tons. Table 6l 
shows th(' effect of the war on the imports. In 1915 the total;,, 
w^as 42 per cent, greater than in the previous year, and nearly, 
nine-tenths came from the United Kingdom; imports from 
Continental Europe practically ceased, and the only btber V 
imports of any signilicance were from Japan and the Uni^<: 
States, 



RUSSU 


Table 6i 

Imports of Tin into Rnssta 

in jioml-. ( V' ) 


CoutoUit* whence lajportc*! 

.1 i. 

; 1 

ijl , 1 

Kyi^, 

United Kingdom 

1 

i' (* MS ! M 


Austna-IInngary 

0 ,! Sv 

s ' a.i } ' 


Belgium . 




France 

l> ' 

" ; I" 4<,' 


(lermanv . 

1 < r 

II-’,.' 1 ' ;-o ^ .. 


JUoliaiid 


^ r ,-1 . SI ^ ^1 

e* * 7 

Spam 

1 I ' ') 

I'),;’ i : » 


East Indues 

''.IwO 

!<■ e M !,, M 


japan 



S 1 

United States 

j s I 1 

1 

1 l,r;S 

Other countries 

^ a.; , 

O.OUO j 7.15/ 

<1 OJ ^ 

Total pcunE ■ ^ j c, i ' 

i j i '» 

I'Jl.Cl { 

, . t' 

•’.s , V/' 1 

’ 1 ! r, fi, ,(, 

7 a j’» 

Value 


i .:/• jrj ; ‘w-).i r, 

j 1 0 o.uor 


An oxtoiisivc tin-pl;itc iiiflii'^try tojimrly rxisicd at C)d«^s^a, 
using black plate inipmted fii>m W airs. Snirc hn\\t\x'r, 
this trade has (h'cirasrd, tiwinit to the di-(ov‘'iy of suitable 
iron oro for black jdate m ilu,* 1 ral- in .ir \\ i ni Mod(a u woi ks, 
copying those in Wales, \\<re ei»(t»d and iht^r I'ral woiks 
now command the Kus'ian inaikri. lhu< is suK. howivci, 
a small tin-plate industry at Odessa 1 he tin-plate iinpoited 
before the war was mainly fiom Oc iin<in>- 

In the Russian Ihnpure tin d< po^it-. air known in tlie Trans- 
Baikal province, in liie Urab, ainl in I'lnlaml, '1 he Tians- 
Baikal deposits consist of lodt s and jflan is m-ai tin villages 
Okndanoy Roudnik and NT/hni-Miaranai on the Onon Kiv<'r, 
'and in the valleys of the Malaya Kouhnda .nul Ingoda, tiibu- 
taries of the Onon. At Olovianoy, about 150 niilc'- soutli-west 
of Nerchinsk, the lodes contain <juart/ <irid i as-aterite, toge'lher 
.with beryl, fluorite and lepidoliie, 1 hey have been known 
idnee 1811, and were worked on a small scah* between 1812 
^nd 1835. In mure recent years a (jeriiian nunpany was 
formed to exploit them. 

The occurrence at Pitkaranta. north of laike Ladoga in 
Finland, was worked from 1S14 to 1904, during which period 
yit |s said to have yielded some 250,000 tons of iron ore, 6,617 
, tons of copper, 489 tons of tin, and it *2 tons of silver. The 
Tores consist of magnetite with some cassiterite and chalcopyrite 
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and a little schcelite; they occur in altered limestones and 
schists, and particularly in a rock known as skam/* which 
is made up of salite and garnet. 

Thi deposits have also been rei)orted in the Sossnpwics and 
Donibroif basins in ]\)land. 

vSpaix. -T he tin-bearing gravels of the Iberian peninsula 
Were woik»‘d by the Plnenieians and Romans, but at the 
present time neitlu-r tlii‘ gravels nor tlio veins yield any large 
amount. The output givmi m Tabh; 62 represents very low- 
grade mateiial, tin- total value m 19J2 being only ^3, 506, which 
is (.‘qnivalcnt to about iqs'. per ton. In normal years Spain 
imports about 1,400 tons of tin, chiefly from the United 
Kingdom and (icimany 

Table 62 


Out put of Tut Ore in Spain 

In niefnc tons (.», jo j’lb ) 


KMO { H;1I 

1 lyl-’ 


j I9‘5' 

j 

■ 1 

15 ! .< 1 

i 

i 


1 

> ILU 

j 

_ - 



' - - - . 

( 


I he most <‘.\tensive series of occiiirences in the Peninsula 
are the lodes in a belt stitUc liiiig north-westward from Zamora, 
across llie noi th-easlom p.ut of l^)^tllgah into tlu^ province of 
Oreuse in (uiliei.i. In this belt au* the lodes of Penuta, Roinilo, 
Verin. Monteri'y, Almarii/, Lmiibiales, \’iana del Bollo and 
Pontt'vcdra m Sj)ain, and those* of .Miramhdla, Montesinhos, 
Parada, (hn'lhoso, Maiao Angm*iui and Valle, SeLxo in the 
Provinee of fia/ e>s .Montes in Pentugal. Other occurrences 
are those oi leiiubias *incl Santo Tome dc Rozadas near 
Salamanca, San Isodoro and Marineia near Cartagena, near 
Abiiona on tin* sonlli coast of Spain, and near RamaUioso, 
Vizeii, and l?elmontc m Poitiigal. In 11)14 a bucket dredge 
was erected in the Gaia valley near Belmonte (Beira Alta). 
The lod('s occur ill granite and schist. Wolframite is often 
abundant, either in association with cassitoritc or in separate 
lodes. 


.'\sr.\ 

China. — ( hina exports some 8,000 tons of crude tin yearly, 
nearly all of which is sent to Hong Kong (Table 63),, ,, The, 
industry is entirely in the hands of tlic Chinese, who smelt the,. 



Table 63 

Exports oj Tin from China 



23903^5 35i.^'23 ; 39 ^^ 1^3 1 2^6599 , 434.575 ; 
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ore in small furnaces and obtain a product containing about 
90 or 92 per cent, of tin, part of which is sent to Hong Kong 
to be refined. In 1913 rciining works of German design were 
completed near the Kochiii mines, but have not proved very 
successful 

The oxpoits to Hong Kong do not represent the total output 
of tin i:i C hina, nor yet tin* (piantity ot Chinese tin which 
reaclnjs tin- liurop«\ui <iii(l Atneiican markets. About one- 
third is letuniod in ( Ijiiia in a refilled stale, as shown in 
Table O9 The import^ t)f tin-])lat(* into China are from 20,000 
to 25,000 tons 111 iiDiinal veais. Mo^t of this was of British 
origin until iixenlly , Init 111 1917 tile United States supplied 
08 per cent of the total. 

Some ()0 per cent, of the tin eX[)orte‘d is produced in the 
Mengt/e drdiict ot Vimnaii (h>re are situated the Kochiu 
mines, 20 mils fiom .\J('ngl/( , which are worked by native 
methods ami employ jo.ooo men The iiruduction of tin at 
these mim's m the v< at ^ 11^12 h; k/H) said to have been 8,234, 
7,630, 7,405, and o. 8()2 ions iesi)eclively. In eastern 

Kwangsi aie llu' llo \ nan mine^ at Hoiisien and the Fuchuan 
mines ; in Hunan the mines ol ,\ii Yuan, Lensheeand Shanwdia- 
ling; and m Hainan the Nmtsongling mines near Nodoa. 
file Kowloon <-\teiision, Hong Kong, also contains tin ore. 

ihe tin Imh's of Koclnii ait' .s.iid tt> be connected wdth peg- 
matite of posUluassic .ig(', and traverse limestones. Copper 
and irtui sulphuit''^, soim tinu's aisenical, occur at depth, but 
near llu' sin fact' the hnu'Ntoiu' wt'atheis to a red clay con- 
taining tinstone Irt't' Inun siilphidt's. At I'nchuan ami Lenshee 
the oie Is found in a sandy soil ovt'rlying granite near its 
junotimi with limesti>m'. Ci[vs and t'aves m the limestone 
are also wtukt'd. 1 he \caily oiit[)ut of the Fuchuan district 
is said Lt^ be about 150 ttuis of int'lal ; it generally assays over 
98 ptT ceiu. till, ami js used by tlie retinors in Hong Kong to 
impiuve the gtadt' ot the Yunnan tin. The w'orkings at 
Sluiuw’lui-ling follow’ pipt's 111 limestone close to a granite in- 
trusion ; jiyiihotite and pyiitc are abundant, and toumialine, 
lluorite, ziuc-blemie and galena also occur. 

In the lungchwan district. Yunnan, a lode of stannite is. 
worked. I lie metal obtained on uuelting is known as perhtung 
or white copper, ami contains 42‘57 per cent, of tin, 497 of 
copper, I ‘3 of sulphur, and i S of lead. 

Dutch lC\sr Ixdit.s. — The tin-producing islands of the 
Dutch Fast Indies are IFinka, close to the east coast of Suma- 
tra, Billiton, south-east of Banka, and Singkep, a small island 
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north-west of Banka. Sumatra albjo possesses tin deposits, 
especially in Siak. The output of the three islands is given 
in the following table 1 — 

r<ib!r t>3 

Output oj Tin in the Dutch Tast huito. 

f n t'UH I ,*, ■ I 15 ► 

!■>' ; III : ,1 . , II.' ! 141 ( 


Bankji 

; 1 '. VI i 

; 1 1 ' 

1 1 s , 

’ 'll*; 

1 

Billiton 

1 g-'> 1 

; i.’-'f 

1 , 

U I 

VIII 

Singkep . 

Iw) 1 

1 . 

/. • , 


X 1 f 

Total . 

. ' ■ 

, . ' 1 u> 

1 ‘) ' ?> 

.o/.V I 



According to I he Iron.tnri^'er Mitni Mnitut \ mr T>ovk the 
production in I>anka \n.)'- \'>u> in i() .uid 14,52-^ 

ton^ in I 9 i()"i 7 , while tint (d I’nlliton wa^ tons in (ht* 

fonnor yeai. 

In Banka tin ruining i'> ( aint d on b\' ilir ( ro\’rnunent. *rhe 
ore depui>its an- alnie~>{ (‘\(lini\< 1 \’ allii\ial and art* woiked in 
open ihts by ('hinex- crxila-^, eillu-i undoi <ontia<t ui under 
direct (iovi-rniiu III snpen njDU 4 In- on- is siiu ltcd locally in 
blastfurnaces, or stnl to <tnti.d sinoltei'' wlneh exist in some 
districts. Heff»re tin- w.ir B.tnk.i tin w.e. all sold by aiu’tion 
in Holland, with the tA( option oj vinall amounts --old in 
Batavia or used bn ( iovomim-nt 01 va < '] o ])revi'nt the tin 
reaching (}erinaiiv dining tin- \s<ir. tin- su}Jj)lle^ to Holland 
were limited by the Alin-, and mm h ol tin- Ikink.i tin canu* 
direct to Ivngland and tin- rnit<-d ^tati^ in Pdlliton and 
Singkep piivate comjMnies woik ilu- tin d(-j)(»sits, and a large 
part of the ore obtained m sim-htd at Singapoie 

The three islands lie* on tin- -outh-ra-^tt'i !y extension of the 
axis of the Malay IVninsiila I'iie piimary tin deposits are 
in granites and ancient sediment-, and lonsisl more of im- 
pregnations than true vein- The gi.mite enclosing lln-m is 
altered to greisen containing ca'-'-iterite and topaz, while the 
; Veins contain cassiterito, pyiittx wolfiamite, tourmaline, mag- 
- netite and sometimes siderite 

There is some lode mining, but most of the tin oie is obtained 
•from detrital deposits. These are of two kinds : kuiit, or 
eluvial deposits on the hillsides, and kollong, or alluvial deposits 
sjn the valleys. The fonner result from the \\-eathering of the 
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rocks almost in situ, aiid sometimes contain great tna^s 0| 
cassiterite weighing nearly a ton. In the valley deposits the 
tin is practically conhned to a rich zone known as kaha, which 
rests immediately on the bed-rock (kong) and is covered by 
barren sand and clay to a depth of 12 to 50 feet. The kaksd 
is commonly from 4 to 10 inches thick, though it may be as 
mucli as 3 fe(‘t. It consists chioHy of grains and blocks of 
quartz witli some clay, and contains tourmaline, muscovite, 
hornblende, topaz and corundum, as well as cassiterite, wol- 
framite, scheelite, magnetite, monazite and sometimes gold. 
This material, whieli contains 2 to 4 per cent, of cassi- 
terite, is wa^]led and concentiated to a 68-73 per cent, metallic 
tin content, and the coneentiate is often smelted on the spot. 
Some lode-mining is cained on in Pullilun, and off the coast 
of Singkop stanniferous (h'posiis are worked by dredges. In 
addition to tin, Billiton y\M^ some wolfram ore and Singkep 
a little gold. 

Tin mining in Banka bi'gan in 1718, and the island is said 
, to have yielded soiik' 500,000 tons of tin up to the present. 
The Billiton deposits were not (‘xi>loiti'cl on a large scale till 
the middle of last ceiituiy, and those of Singkep about thirty 
years later. 

fNDO-CniNA. -'Tliis iMeiich colony produces small amounts 
of tin 010, part oi which is smeltial locally and part exported 
to I'rance and elsowheie, A laig(' amount of crude tin from 
Yunnan also passes thiongh tlu' <'omitry on its way to the 
refnuTies at Hong Kong. No pioductum iigiires are available, 
but the exports are given below. 

Most of the tin ore comes fiom the neighbourhood of Kao- 
Bang, in the north of Tonkin, where it occurs with wolfram 
ores in eluvial and alluvial de}K)Sits. Tliese are derived from 
veins of quartz with cMssitirite and wolframite in granite. 

I'able (>0 

Exports oj Tin Ort' {of Domestic Origin) from Indo-China 


In metric tons lb,) 


Countri<¥ to wliich 
r.xportvxl 

1 

1010 

[ Kill 

! 191 -: 

tV3- j 

mi- 

Bong Kong 

i 

-- 1 

1 0 

1 

33 


France 

I '51 i 



<M 

6t ^ 

Belgium . 

7 

1 

1 

1 s 

5'’ 

10 

Total 

160 

242 

i M-i 

177 

Sa 

Vaiue . / 


<),70u 

i 5^>^7 

7,076 



■i 
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Bxpofis of Tin {of Domestic Origin) from In^ChChina 


In metric tons lb ) 


C<Mmtrks to which 
Hxportca 

j ...0 j 

19U 

lyi; 

j »yn- 

Hong Kong 

' i 

r 

1 • 

1 

! .-'^7 

France 

1 

i 


! 

Other eonntries . 

1 


! 1 

Total . 

; ^ ^3 1 


; 3 

j bts 

Value . £ 

I - "oj 

c; 




I uhlc 0<S 

Exports of Yunnan 1 in in 'I ran\it /o Hong Kong, etc. 

fn mctiu t->iis ' lb ; 


Oujintity , 
Value 


I'/’i ! ivi- [ I'jil j 

3 <■" ! 'S' ! " "!'>[ 

" i I'/ ' 1 ’ I i I 7 >‘ 5 , 35 ;: 


i in ore occuis ai I^>an- iti-u'u.i 111 (.aos, in wliat appears 
to be an anci(‘iil alluvial depoMt Altlbuieii water-worn, it is 
very impure ; it is nilmiatelv nux'ii with limnmte, and con- 
tains also arsenic, bisniull), ]iiolybd<'riuni, lead and co{)per. 
The natives sink sin-dl shafts yy fr<*i du (> or h ss, crush and 
pan the ore, and siiiclt it to a tin with to oi 20 p('i cent of 
impurities, or eva-n to a tin- iron allo\ whicli they use for 
weighting nets, etc. 

Japan.— Japan has a small output of tin 01 r, but this mticts 
only a fraction of her n'quiiements, and about 1,200 tons of 
tin and 25,000 tons of tin-jdatr are unpoit«'d in normal years. 
The following tabhfs give tiie statiste s so far as they aro 

available 
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Output of Tin Ore in Japan 


y, metric tons {2, 20,4 lb ) . 

/ 


I fjr-J. 


3 . 57 '/ 


35^ 

2i.i2Z 


410 

37.47O 
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Table 70 

Imports oj Tift into Japan 

In km (r lb.) 


Cou0trjf« whence 
Imported 



'i;_v J ')11 * ' X!>r5 * j 1916.* 


Hou^ Kouk . . i i*'4.7'51 M-:.740 

StrattA Settlomonts ii,‘> 1 

China . . . j 3i'>/>di), 

Other conn tt M'S . 




I'otal 

Vahu- 


km i,hsr,'‘<'n ,-r.oos,4f.i 'i /)•><•. 77'' ;-:,rS 'r,<)V>, 3-1 1,839, if;o 
/"«•< j i.oihI 1. 1^*1 1 i.isf'i >.-’00 1,173! i,o 8 <i 

/, j io'‘,.‘'ni -’ii.siol j iio,t)u9| i86,h97 183,397 


3,377,701 

1,993 

385,954 


♦ n, i til ii'it i'. ,'i it.i. 


iJic chief mini’ is tli.u of TaiuvMnui in tlic province of 
Satsuma. Othi-r inin<\^ in the (xtifinc south (Kyusliu) are 
those of Nagao in the jiroviiuj' of Osuini, hvaio and Mitatc in 
Hyuga, and Kiura in Hnngo, whih* thoie arc productive placer 
deposits at Taniyania .iiul, ncann to tlu' centre, at Nayegi in 
Mino and at Sud/ajko\a in Hitachi 
At Taniyania tlic veins li.ivcisc a iTrliaiy tuff ; they 
average about a yaid in widtli, and sonu' nach a length of 
one mile. They consist of (piaitz w itli ('assitcntc and varying 
amounts of gahuia and pynt''- Then' v>'ins have been worked 
almost contiiuiously since 103^ 

The veins near (In' boidt r of llynga and Jhingo appear to 
be connected with a «juait/.-poiphvrv wliich cuts Pakeo/.oic 
limestones and (piait/atcs rhey an' composed chiefiy of 
pyrrhotite. sometimes with aibcnopyrite. chalcopyrite or zinc- 
blende, whilo cassiteiiic occurs in (ju.irtz voinlcts. 

In the alluvial deposits of Naycgi m Mino the cassitorite 
is found close to th<' granite bi'd-rock, .ind is associated with 
quartz, topaz, coiimdum, wolframite, fergusonitc, etc. 

Siam. — The tin deposits of Siam form part of the great tin- 
bearing belt which stretches from Ihiuka through tlie Malay 
Peninsula into Burma, and are connected with the granite of 
the Main Range which forms the w'atershcd of the peninsula., 
As in the Malay States, the chief production is from detritai^ ; 
deposits on the w(ist side of the Main Range, in Monthoft 
Puket, while the east-coast Monihons of Chumpom, Nafcoru 
Sitamarat and Fatani produce far smaller amounts. Tin ore^ 
also occurs in small amount in the valley of the Nam Sak tiy^ ^ 
and other places in the north of Siam. 

In the year 1916-17 the output of dredging operations; 
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; pioiinted to 32 per cent, of the total production. The follow- 
.’ing table shows the output of tin by provinces . — 

7Vi6/t’ 71 

Output oj lin in Siam in the year's ending Maj\h 31, if)i 1-1917 

In inttils ; 3 i n» ; 

Mo«thoni Soto , ,,, ,, . j 


Chiimporu . \ i 

Nakorn S»ta»n:tral 
.Patani . . ' ^ 

Pnket . , . r> I 


‘ ; - ss'' ' ’ -t -’r i 

-“-’Sj J.05.i 

() ^ -i-) 1 ' ; o"''* I <) )'>«> ! in.6«g 

!'> Jo; ' w'" ^ ii' M j I ^n.739 


Total 


piculs 1 1 s, i'--* f i ,1 si , 1 ; «5 1 1 ( 7,.;5t.) 

/'.'’.s" I 4.h90 ^ ■ '> 'P'' «■ S'jl , SJ65 


Tahiti 72 rsliow.^ the amounts ibuiod bv the various 
Aluangs in tlu; Monihon of Ihiket t<> the loia] rxjxiits, treated 
as iuetallic tin. 


la\/< >2 

iixporh oj I VI ih'ra iJu •</ J*uk(t p: the year^ ending 

.;I^/ MiVJi, iMii ij 

l-i t.o;, U, j 


Puket , 

■ ’ • ‘ . 


< 5 ; 

.T 7 ' ' e7 

Pajignga 


i 1 

Sy; 1 


Kenong 

: K'-’ ^ 

'i‘ 

XC '.1 

uKN.i 

Takua^a 

• 1 d > 

i ■> ■) 

SI i-i 


Trang . 

1 .M 

i;s ; 

>!'■• 1 

.!u<5 

Setul . 





Total 

• j 7 

5 .^’ri 

5 



A I KK. A 

Belgian Congo. — T o the north of tin? eopjK-r-bearing belt 
-of Katanga a tin-bearing bt lt extends in a north-east and 
^^buth-west direction fur ovd- 100 rnilcs. Promising dejiosits 
are known at Busanga, Muika, K iambi, Muanga and Mulongo, 
'and deveiopmeni work has been done at some of these localities, 
Tl» cassiterite occurs, often in large crystals, in veins of quartz 
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and pegmatite cutting schist and granite. The Muika miijei 
is said to have produced lo tons of concentrates a month aA 
the beginrjing of 19x4, but operations were suspended on the, 

, outbreak of war. 

At the Biisanga ridge, betw<‘en the Lualaba and Lufupa 
rivers, tin-bearing quartz veins occur in schist. Disint^ratipn, 
of the rocks has produc(‘d a mass of loose material fairly rich 
in tin. 

Poktuguhsj: Bast Ai kk a. — Some of the concentrates from 
stream ckposits in the territory of the Companhia de 
Mo(;ambiqn(‘, e xamined at the Inijierial Institute, were found 
to contain small amounts of cassitcrite. The streams in ques- 
tion How over foliated granite. A recent discovery at Chimoio 
is said to be important. 

South-VVkst Ai rk .V. — I his foi mot ( ierman colony produced 
tin ore to the value of /j 1,568 in 191J. The tin-bearing belt 
extends from Otjimboyo, on the Khan River north-east of 
Karabib, through the Krongo Mountains in a north-westerly 
direction to Uis, which is east of the Brand berg and about 
fourteen miles south of tint Ugab River. Cassitcrite was first 
discovered in i()ro at Ameib, south of the Erongo Range, 
and further discoveries soon followed at Dawib, Aubinhonis, 
Tsorntsaub, Neiinus, Uis, Kawab, Otjiimuc and Kohero East. 
At all these localities the mineral occurs m pegmatite intrusive 
in the ancient rocks and genetically connected with the older 
granites of the Erongo area. Tlie pegmatite is usually a coarse- 
grained rock composed of quartz, felspars and pale greenish- 
white muscovite. The accesMiry minerals include tourmaline, 
garnet, magnetite and apatite, together with beryl at Ameib, 
wolframite, monazite, columbito and molybdenite at Dawib, 
and lepidolitc at Kohero East. Tourmaline and cassitcrite 
rarely occur together in the pegmatite. The cassitcrite occurs 
sporadically in large grains and crystalline masses, some*^ 
times of very large size, one mass found at Dawib having 
weighed 500 lb. 

The results obtained from the opening up of the veins hava 
been somewhat disappointing, owing to the patchy distribution, ‘ 
of the ore in the pegmatite and the way in which many 
the veins die out at comparatively shallow depths. The 
Kohero East Mine, however, was successful in producing about 
120 tons of concentrates, averaging over 70 per cent, of r 

tin, before the outbreak of the war. This mine was only 
worked to a depth of 92 feet, below which the pegmatite 
disappeared completely. 
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Alluvial deposits and ** float/' fonned fronj the erosbn of 
, the stanniferous peginatitcb, occur at C'hatputz (north-west of 
Ameib), Otjunboyo, Tsonits;uib. Aubinhonis, Neineis and 
Kawab. In p^eneral they were lound to be jxvor and of slight 
extent, and most of the good ground appeals to have been 
vrorked out. Occasional nuggets of gold were obtained at 
Neineis, Aubinhonis and Cluuput/, and at the last-mentioned 
locality a large storage dam. to su[)plv water for hydraulic 
working, was erected in but was distroy'd tluring the 

recent campaign 

Ami kk \ 

Bolivia. — 'I’ln mining in Itohvia (inly bt'gan late in the 
nineteenth century, but ilu' ctnuitry now ranks second among 
producers. The output iin'ieaM'd ste.ulily up to 1913. and 
the export of barilla (tm ore coinentrale containing about 
60 per cent, metallic tm) in recent year'' i^ shown in Table 73 : — 

I ahlc 73 

fixporh oj I in (he {Hanlla) from Holimi 
In m« trie tons j lb 1 


ILtnlla . . jS,3jS ^7 ^ i 

Tin contents {es- > 

timatrd at (y> ' j 

jH-r cent ) . j c 1 ‘C 1 1 - ; ' 7 


O ' WM ! 

i 






>,n, u >4 


i5'^N7 ' 45-'4*^ 




According to lln^ British la gatem at La Ikiz (Met. Ind. 1918. 
IB, 27) the destination of the tm 01a ( xp(»rtcd is as follows : — 

iahle 7-1 

oj J in Ore jroin Oaliviu 

In nif'trs' {<in> f lb 


Conalty ot Dc'^tination 

Upu- 


<',l6 

ryi? 

United Kingdom . 

CS .'»57 

bS.ir 


, OOlclal figure* 

Germany . 

i.ri 1 



! not available. 

1 

: United States 

J' * 

l.l’M 



Other countries . 


5 

[ i.o<»o 


Total . 


30,402 

1 -L >.54 5 

; 40,000 
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Only a small amount of metallic tin was smelted in Bolivia 
in the years preceding the war, the bulk of the barilla being 
shipped from Antofagasta, Mollendo and other Pacific ports. 
Most of it was sent to the United Kingdom, but a considerable 
amount went to (jonriany. The exports to Germany, which 
in 1913 amounted to about 35 piT cent, of the total production, 
ceased on the outbn'ak of war. A fresli market for this ore 
was found in the L nited States, which took increasing amounts 
of the Bolivian exports in 1915 and 1916, most of the remainder 
going to tlu‘ Unitc.'d Kingdom. Smelting woiks for Bolivian 
ore W{‘re elected at I\*rth Amboy, Nev\ Jerse^g and others 
at Arira in Chile and La La/, in l^.ohvia. 

1 he lL)livian tin mint's are situated on the hkistorn ( ordillera 
and the high plateau belw<*en the ISistt-rn and Western Cor- 
dillera, sonu' of them being over 17,000 feet abtjve sca-level. 

1 hrec-c|uarters of llu‘ piodiietion t'ome fuun the department 
of Lotosi, and the most important mining centre^', from north 
to south, are Araca, Oruro. .Maeharaniaiea, niianuni, Llallagua, 
Lucia, J'otosi, Sala Sala, t hoeay.i and ( hoiohjut'. J'he Uncia 
and Llallagua tnim's tt>gethei poaliKs* o^t'r 40 })er cent of the 
total, llu' tm is ofti'ii assotaated with silvei oics, especially 
in the soutluin distiiets, and i-^ <'oiiiie( tt d with eni})tivo locks 
of lertiaryage. the most impoitani gangiu' mineral is quart/, 
which is soiiu'tinies mioinpanied by c<ileitt' and barite, but 
tcuinualine. Iliionte. tojia/ apatite and lithia-iniea are either 
absent or raia'. 

In addition to eassiu i ite .ind thesilvei mimnals tetrahedrite, 
pyrargyrite, [)ioustite. et(' . then' oamr also pyrite, arseno- 
pyrite, pyirhotite, ( ledeopyrile, stibnite. galena, zinc-bieiide, 
stannit(.', bouinonite and bismuth minerals, as well as the rare 
tin-bearing mineials phinibostannito, eantieldite, cylindritc 
and franckeite. I he elenu'nt geimanmm is present in the last 
three minerals and in argyrodit<‘ The lodes have an oxidised 
gossan of considerable depth. wIiK'h isi idi in pi imary cassiterite 
and wood-tm toimed fiom (in sul[)lHdes, and which often 
contains native silver and u'rargyiite together with much iroa 
oxide. ' ' 

In the time of the Spanish domination, the mines of Bolivia 
were worked only for gold, silver, and copper. The tin ores 
were rejected, and accumulated on the dumps and in old slopes, 
forming valuable deposits. WJion' the tin and silver ores are 
in close association, it is usual to roast the ore and leach out. 
the silver before concentrating the cassiterite on jigs and tables, - ‘ 
At the present day, however, the bulk of the Bolivian tin ore^- 
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pomes froau simple tin lodes free from silver. The barilfei as 
shipped to England usually contains about 8o per cent, oxide 
Of tin, i6 per cent, oxide of iron, and 4 per cent, silica, some- 
times with traces up to i per cent, of sulphur and antimony. 
Some of the mines have installed eleclro-magnetic separators 
to improve the grade of the concotu rates. Some stream tin 
is obtained, as at PoIo.m, rncia aiul 1 lallagua J'he gravi‘1 at 
Uncia is up to qo feet in tliickne'-s and is wmked by shaits, as 
the cassiterite is mainly at tin* lx -t tom 

Onil'R S(H’'ni Amthi* AN SiAJi s- a hile ami Pein export 
largo quantities id tin oie miiuil in P<»h\ia. but apait Irfim 
the last-named stat'* theie ap{>eam In hv no appnciable 
produetkm m ><»nth Anieiua Tin (irpo'-iis. many ul 
them Workable, are km)\\n to in ni,in\ paiT-. and 

transjxu't diibeulties aie tlie eluet iib^iai'h- to tlie d<‘velop- 
inent of some ol tbesr <i. posit^N In .\rgenlnia cassiterite 
occurs in graiiulile 111 tlie piovime-. of < ataimoi’a and La 
Rioja, 

Mexlc) --(. assiiriHi' i'> wuh ly di-tnbnted in Mi^xico, and 
has been woiked by tin* iian\<s in l>niani.;o, J.ilisi.o, (lUiliue* 
juatiJ, San Ians PotoM, Aeua- t'.difiit' and t oalinila As in 
Piobvia, the mimi.il omjh'' in v<il( mu lock'- (T leitiary age 
iMially in riivdiu'^ witli pojphMitK qnai’/. and telspar, in 
rhyolilc-tuffs, or otx asionalK in tra<'li\ ti- (Dniango). It is 
found in fissures ami lault-pl.im in mimialisod Ix'lts in thf’se 
rocks, sometimes linnted brtwtsn u<‘lb(leiined walls, some- 
times impregnating tin- alti o d lountiv io( k foi a I'onsiderablc 
distance, khaliaxlonv i' the i(.nmii»m --1 id the as^iudated 
minerals, and otlnns an- (jiKot/. opal, ^alt'iti', oxides of iron 
and manganese, tiuonti-, t<ipa/. dni.oiniti* (llno-.usi'iiate of 
sodium, aluminium and iron), wolfianuii' and bi>inuth ores. 
Nodules of crysialhm* t\m^itrnif an ttnnid -howing a ladiating 
structure and weighing as much a^ *.'5 lb Alluvial deposits 
also occur, as at I'eprzala in Xgmn t aliente.. 

Tin mining was cairiiHl on m tin A/Acv p<Tiod and still 
continues on a small scale, th<- output of tin being under 
50 tons a year. The ore is cobbed by hand ti> about | inch, 
and washed tirst in a planilla (a hole in the ground with a 
■ ^sloping surface about 5 fciit long draining to a cup-shaped 
ho now), and finally in a wooden bate a. The dried conctaiirate 
, Usually contains 45 to 63 per cent, of tin. The blast furnaces 
.are built of stone and clay, are only z feet 6 inches high, and 
two bellows of ox-hi(U*. The com entrate is smelted with 
charcoal and hard-head obtained by rrushing and w^ashing the 
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slag from previous operations. The metal produced contains 
from 90 to 96 per cent, oi tin, and is sold locally. : 

Unitkd States.— T he United States is the largest consumer 
of tin in the world, taking about 40 per cent, of the world's 
output bef(^ro the war iuid over 50 per c^mt. in 1916 and T917. 
Nevertheless, its production of tin on* is in sign ih cant, and it 
had till r(‘ceHtly no tin-smelting industry, even the ore raised 
in the country being sent, for the most pait, to the Straits 
Settlements for smelting. Itr^ large requirements were met by 
tin impoiied in tlui im tallie ^tate, mostly from the Straits 
by way of luiglarul , but direct shipments from the Straits 
Settlements ;ind the Dutch luist Indies have increased during 
the war. 


i able 75 

Ouifyut of I'm Ore in the Vniied States 

In '.aori lon-^ (i.ooi. lb ) 

. ii,»ru j i,)u 


Quantit)', ] 

short tojn ; 
Value . / 


U )12 


! 

1 

i 

1 1910. 

loy 



1 

10 .' 


z(>,o* >(> 

'). 7 -o 

1 ^ «(.; 1 

1 

10, f20 

i 1 


1 >,7o<< 

• Mel.illn r()uiv,t!cnt 


1917. 




I'dble 7(> 

Imports oj 1 tn Ore uilv the United Siaies in the years ending 
June ^]oth, 1916 to 1918. Imports for preidous years are 
not published 

la tons lb \ 


Whence InijK>Ucvl 


Kit ^ -lf> 

jolU- f 7 

, 1917-18. 

South America . 


*) 1* S 

5.1 10 


Onlral Anienc.i 





Cliina 



10 

^ ,• 

Tutnl 

. tons 

.S. 4 i 7 

5,120 . 


Value 



5 ^^ 4.435 ; 

2,144,04 


The war rendered uncertain the supply of tilt from 
sources, and at the same time stopped the export of Bolivian 
ore to Gennany. Those circumstances have resulted in the 
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establishment of a considerable tin-snueiting industry in the 
, United States, treating Bolivian ore, the purer ores frtmi 
British sources not being available for smelting outside tluj 
British Empire. Electrolytic refining of the tin is being tried. 
The first tin-sniclting works, excluding an unfortunate attempt 
m the past, began operation ^ at IVith Amboy, New jerst^y, 
early in 1910. and is reported to have produced :>,8oo toms ot 
metal from Bolivian coiuaiili.nt'b during that va-ar. Other 
plants constructed or planned by Aineiican cum])ames, both 
in the United States and in Bolivia or I ‘cm, have an estimated 
capacity of some J5,ooo tons of nu‘lal annually, which exceeds 
the present or<‘-outpiit of l^olivia and aKo the sm< King capacity 
of Great Britain. So great an expansion of the world's smelter 
capacity, accompanied as it is by diminishing ore production, 
must lead to keen cornj)eluiou for ore in the immediate future. 
The output of tin oie in tlie riiite<i .State's l^ given m 'lahle 75, 
and Table 7b shows the import'- of nr<* 

Table 77 shows the imj^orls of tin. The (igures lor 1912-13 
were the largest on record, but tlK'se for 1915-10 are 25 per 
cx^nl. higher tlian these Including tin m ore the total imports 
'for 1917-18 aie estimated <tt 78.100 short tons. In 1916 the 
production of im-plate amounted to 1,585,200 short tons, or 
double the production in Kg-ij. and 2bo,i)5o short tons of plate 
were exported in the fiscal y<‘ar 191b- 17. 

Alaska is the only conimerua! producei of tin ore, about 
tw'o-thirds of the output in i()Jb Loming from dredges in the 
York district, and the Kinamder from gold- tin pkicers in the 
Hot Springs district on the Low it d anana. I lieie is also some 
lode mining on the Lost Kivei . Stream tin w as first discovered 
in 1900 on Buhna ( reck, neai VvTk, some twelve miles south- 
east of Cape Prince of Wall s in the wcsicin j)ai 1 of the Seward 
Peninsula. 

In this district the placer de}><»sits of Buck Creek and Lost 
: imd Anikovik Rivers have been tin* clih f producers, the last 
named yielding gold as well as tin ore. Lode mining has been 
carried on, to a small extent, at ( ap»' Mountain and on the 
‘Lost River, and lodes are aLo known to exi'^t at Ear Mountain, 
5'sBtick Creek, Brooks Mountain and othei locjilities. In the 
, Lost River region, dykes of quartz-porphyiy in limestone 
contain irregular seams and stringers of (piartz and lithia-mica, 
which arc associated cassitente and wolframite. Pyrite, 
arsenopyrite, galena, zinc*blende anfi molybdenite arc soipe- 
' times present, and the chief gangne minerals are fluorite, 
. jdnnwaldite and topaz. On Brooks Mountain, at the head of 
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Lost River, the titi-iron borates hulsite and paigeite decur 
id limestone metamorphosed by a granite intrusion. 

In the Yukon basin the placer <ieposits of Sullivan Creek, 
Xanana River, in the Hot Spiingb district, yield cassiterite 
and gold; and stream tin also oocurb in the Circle and Rubj' 
districts. A small amount of the Alabkan tin concentrates 
has been smelted at Seattle; bonu* has been si'iit to Swanscii; 
but the greater part lias been shipped to hing,ip(.>n' for treat- 
ment, 

On the bordeis ot North and >«>iith t aiohna, at (laffuey, 
King's Mountain and Lincolnion, small .uuounis ot iinstone 
have been obtained fiom alhivial deposit^, and irom pe^nnititc 
dykes which liaverse decoiii]H>->et{ gm is' the Hiack Hills of 
South Ihikida and Wyoming include lun im-lieaiing legiuns, 
Spearhsh and rmton m the' umth and H.iiiu'v Vvdk in the 
south, in both nt wlneli mining Hih i.ii um- have iiad di ^ippoiiit- 
Lng robultb. in 1 ce\as veins and unpp gnaiiwiis in granite have 
been nuned on the c\t-i --lopc' ol \l(innt I'l.inklin, tin miles 
north of LI I’aso. I In; eumc ntiaie was sni«'l{cd c/ii the spot 
in a small oil-linal iev< i be lalmy fuuiare, and die output was 
3 tons of block tin ui i()io and loiK m ion. 

In Lander Cuuntv, Nc-vada, inaiimiillai v <as.sitcnite occurs 
with h<einatite, ehakedony. opal, tMd\mift' and (]uait7. in 
Tertiary rhyuho I mst>MU' aCtM-cems m v- lus in Uh' Shen- 
andoah valley, \ irgmia. in '^,ui l>i« yot mint\.aiulat I » mescal, 
Califomia. and at a nnmh* i «d oiina I.m aliiK s 

The recuveiy ol "sc. nndaiv tin,’ m.iinh' irom clean tin 
scrap, and to a t'\t» nt loun old nn eam>, etc,, js an im- 
portant induslrv m tlu: I'nitnl 'states in lotb the amount 
thus recovered was about ef ])er cent of the tin imported 
into the country, the amount ix ing i/.fuo tons valued 
at :f3,i52,300. i lie (juantily ic covc rc fl a^v tin was 7,600 
tons, and that in alio\s and cln'inual comp<)und.s 9,800 
tons. The latter consisttd m.unly <‘f im chloiidc. with some 
tin oxide, putty |K.>\vd<*r. etc . and alloys -mli as babbitt metal, 
bromte, solder, pewter and elcttn lvpe metal. 
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